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Kathleen Joan Prater, CCT, became a certified cardiac technician through Cardiovas¬ 
cular Credentialing International in 1993 and had a career in cardiac testing that spanned 
35 years. She assisted cardiologists with various cardiac researches, and taught nurses 
and technicians at Riley Hospital for Children at Indiana University Health, at the Medical 
Center in Indianapolis, for 15 years. Ms. Prater instructed staff in how to obtain EKGs and 
rhythm strips on children and how to interpret pediatric arrhythmias. Along with Dr. Joyce 
Hubbard, she developed a manual to teach these procedures, which is the foundation for 
this book. 

Joyce Ellis Hubbard, MD, was an assistant clinical professor of pediatrics, Section 
of Pediatric Cardiology, and a pediatric cardiologist at Riley Hospital for Children at 
Indiana University Health, at the Medical Center in Indianapolis, from 1988 to 2014. Her 
subspecialty was electrophysiology: electrophysiology studies, ablations, defibrillators, 
pacemakers, event monitoring transmissions, EKGs, treadmill testing, tilt table testing, 
and all other testing that involved the heartbeat. She was respected for her knowledge, 
experience, and advice. 

Riley Hospital for Children was ranked among the top children’s hospitals nationwide 
by U.S. News and World Report (2013-2014). The Riley Heart Center is Indiana’s only 
comprehensive cardiac inpatient unit that was designed specifically for children. The hos¬ 
pital’s nurses and cardiac technicians perform approximately 10,000 EKGs a year. Pediatric 
Arrhythmias and EKGs for the Health Care Provider contains the revised informational 
manual plus 50 EKGs, increased numbers of rhythm strips, information on dysrhythmias 
and the conditions associated with them, and explanations about the basics of pediatric 
arrhythmias and their interpretations. This book provides the health care practitioner with 
a comprehensive guide to the recognition and mastering of arrhythmias. 
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In Memory of 
Joyce Ellis Hubbard, MD 


Dr. Joyce Hubbard’s commitment to pediatric patients is at the heart of this manual. She 
was dedicated to her patients, treasured the respect and love she received from them, 
and thought of many of them as her friends. I will always fondly recall the warmth of her 
smile each time a patient hugged her. The patients and families left the office smiling, 
too. Dr. Hubbard’s concern for her patients was evident to all; she showed that same 
concern for those with whom she worked at Riley Hospital for Children. 

I became a better cardiac technician because she expected and demanded only the 
best. I was gratified that she encouraged my interest in teaching the nurses about arrhyth¬ 
mias and various aspects of the computerized digital EKG machine. Her love of teaching 
heart rhythms and EKGs has not ended with her passing, but will continue with our 
book, Pediatric Arrhythmias and EKGs for the Health Care Provider, which Dr. Hubbard 
believed would benefit health care providers who work with the pediatric population. 

A summer teaching endowment in Dr. Hubbard's name and memory was initiated 
at Riley Hospital for Children in 2016. In the summer of 2016, two paid undergraduate 
premedical students were chosen as the first recipients. They had an amazing opportu¬ 
nity to learn about pediatric cardiology in the place where Dr. Hubbard trained so many 
students before them. 

Thank you, Dr. Joyce Hubbard, for your love of teaching. I am one of many who 
continue to benefit from your knowledge. 



Joyce Ellis Hubbard, MD 


Kathleen J. Prater 
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Foreword 


Rooted in the formation of the American Pediatric Society in 1888 and, later, the 
American Academy of Pediatrics (1930), practice and knowledge in the specialty of 
pediatric care grew steadily over the years (American Academy of Pediatrics, 2001). 
Interest in and development of pediatric cardiology as a specialty discipline developed 
from the early work with children diagnosed with congenital heart disease. The first sub¬ 
specialty certification in pediatrics was cardiology, in 1961 (Noonan, 2004). The earliest 
technology developments focused on diagnostic tools for evaluation and treatment of 
cardiac defects, including physiological studies, auscultation of pediatric heart sounds, 
angiography, and extracorporeal circulation. In recent years, imaging tools have pro¬ 
gressed significantly, often supplanting the need for cardiac catheterization. 

With the advent of pediatric cardiology as a specialty, recognition of the differences 
in the electrophysiology of the child’s heart grew and the new subspecialty of pedi¬ 
atric electrocardiography (EKG) and electrophysiology developed. Researchers identi¬ 
fied different presentations for congenital heart block, tachyarrhythmia, dysrhythmias 
related to cardiac surgery, and the cardiac implications of connective tissue disorders 
and acquired heart diseases, such as rheumatic heart disease, Kawasaki disease, and 
cardiomyopathies in children (Noonan, 2004). 

While the specialty's knowledge developed and grew, recognition and management of 
dysrhythmias at the bedside progressed more slowly. For a long time, education for bedside 
staff often was based on adult resources; pediatric EKG learning resources are still limited. 
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xviii Foreword 


Although the principles of cardiac tissue conduction, including the phases of depolarization 
and repolarization, are similar in children and adults, there are other significant differences 
that come into play when interpreting EKGs. As with many things “pediatric,” there are age- 
related changes that occur in the EKG. Anatomical differences in the developing heart and 
physiological changes over time result in different ranges for normal values and variables in 
interpreting the EKG. For example, children have wide variations in heart rate, depending 
on age, activity level, and physiological variables such as fever. Sinus arrhythmia is very 
common. Bradyarrhythmias often represent more serious implications in children and may be 
related to oxygenation. Newborn left ventricle to right ventricle ratio and pulmonary vascular 
resistance change during the first months of life, resulting in changes in EKG morphology. 
These are normal variations, which may be misinterpreted by those schooled to adult EKG. 

In addition, indications for performing an EKG are also often age related and often very 
dissimilar to adult implications, such as chest pain. The typical abnormal EKGs found in 
children that have clinical implications are different from common adult findings. In fact, 
electrocardiographic abnormalities in adults, such as higher rates, varying axis, T-wave 
inversion, and shorter intervals, may be normal findings in children. 

Therefore, health care providers for acutely ill children must be aware of these key dif¬ 
ferences in order to evaluate rhythms on bedside monitors and correctly interpret EKGs. 
Without knowledge of anatomical and physiological age-related changes, such as right and 
left ventricular hypertrophy, findings may be misinterpreted. While pediatric cardiologists 
may be skilled in reading EKGs, other rotating physicians and residents may not have the 
experience required. It is crucial that professional nurses, present at the bedside 24 hours a 
day, be knowledgeable about normal and abnormal EKG patterns. The authors have devel¬ 
oped a valuable resource for health care providers. Expertise is built through experience 
and practice. The availability of a large number of tracings in this book will allow readers 
to review the wide variety of pediatric dysrhythmia presentations in the clinical setting 
and learn to identify significant changes to avert decompensation in vulnerable children. 

Margaret C. Slota, DNP, RN, FAAN 
Director, DNP Program 
Georgetown University 
Washington, DC 
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Preface 


Many books on arrhythmias and EKG interpretation in adult patients are available to 
health care providers and students in the health professions. However, none satisfy the 
needs of health care providers, on duty, seeking a quick reference for the pediatric pop¬ 
ulation. These providers need accurate, concise, at-a-glance information, without cum¬ 
bersome pages devoted to research. Thus, the need for Pediatric Arrhythmias and EKGs 
for the Health Care Provider is very evident. 

The skill to interpret pediatric arrhythmias and EKGs is necessary for nurses, res¬ 
idents, physician assistants, medical students, paramedics, telemetry technicians, 
cardiac technicians, and all other health care providers who work with pediatric car¬ 
diac tracings. The ability to teach a vast amount of information on the basics of rhythm 
disturbances in an easy-to-learn way helps health care providers build confidence in 
their skill at interpreting rhythm strips and EKGs. This, in turn, gives patients a feeling 
of security with these professionals. An understanding of these tracings is needed to 
assess the patients’ electrical heart activity. 

As a pediatric cardiologist, Dr. Joyce E. Hubbard was well aware of the knowledge 
needed by health care providers to interpret rhythm strips and EKGs. Cardiologists like 
Dr. Hubbard rely on the support of an informed staff who are usually the first to see 
patients' rhythm strips and EKGs. As a member of the staff at Riley Hospital for Children, 
working alongside Dr. Hubbard, I taught arrhythmias to nurses and technicians using a 
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manual I developed that was revised and approved by Dr. Hubbard. That manual, which 
forms the basis of this book, helped the charge nurses instruct their staff in correct use of 
the EKG machine, as well as the procedure for performing a pediatric hookup, and how to 
correct an artifact when it occurred. 

This book explains the basic rules of pediatric arrhythmias and EKG interpretations, 
providing numerous diagrams, graphs, charts, and tables. It describes how to obtain 
pediatric and dextrocardia EKG hookups (diagrams for both are included), illustrates the 
electrical pathways, identifies anatomy, and explains the waves that make up a heartbeat. 
Readers will find suggestions for correcting artifacts, as well as information on pediatric 
heart rates by age, normal rhythms and EKGs, and abnormal rhythms and EKGs, with the 
possible causes. The book also includes an easy method of calculation for QTc, heart rates 
for some dysrhythmias, a systematic checklist, and many more features. 

The systematic checklist included in this book is the fundamental foundation for eval¬ 
uating, correctly and consistently, heart rhythms and EKGs. The requirements for each 
part of the checklist are explained. Analyses using this systematic checklist are found 
on each page of the rhythm strips and the EKGs in Chapters 6 and 8. Chapter 5 concen¬ 
trates on 16 arrhythmias and their associations with specific medical conditions and drugs. 
Chapter 6 presents 30 different rhythm strips, with information about each. Chapter 8 
includes 50 EKGs, ranging from normal sinus rhythm to both common and rarely seen 
abnormal EKGs, including all pertinent information. 

A workbook located at the end of this book provides a chance to test your new knowl¬ 
edge. You can use this self-test to help you identify where further study is needed. The test 
is made up of EKGs, rhythm strips, two diagrams, and additional questions. Dr. Hubbard 
approved the interpretations. These features work together with the book to provide a con¬ 
cise but comprehensive guide to pediatric arrhythmias, and EKG interpretation. 


Kathleen J. Prater 
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Important Aspects of 
EKG Interpretation 
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cava 
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valve 
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1. Did you use the pediatric hookup? The pediatric placement can detect 
right-sided cardiac lesions. 

2 . Did you remember to remark VI, V2, and V3 on the EKG so the doctor would know 
the placement? (See Chapter 3) 

3 . Are the P waves in lead I inverted? Look at the hookup. If incorrect, change it. 

4 . Consistently follow the systematic checklist to interpret the tracings. Many cardiac 
rhythm disturbances are overlooked when one only sees the obvious. (See Chapter 3) 

5 . Understand the QRS axis wheel and the QRS quadrant axis. (See Chapter 4) 

6 . Refer to and use the tables, graphs, charts, and diagrams in this book. 

7 . If an artifact exists, refer to Chapter 2. 

8 . Refer to associations of dysrhythmias in Chapter 5. 

9 . Learn the QT formula for calculating heart rate (QTc). (See Chapter 7, Table 7.6) 

10 . Keep the EKG machine plugged in when not in use, so that a portable EKG can be 
run with just the battery. (See Chapter 1) 

11 . Know the three approaches to determining heart rates. (See Chapter 4) 

12 . Use the self-test included at the end of this book at different times during your 

study of the content to reinforce knowledge and interpretation skills. xxiii 


Source: Riley Hospital for Children 
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CHAPTER 1 


The EKG Machine 


• Computerized Digital EKG 
Machine 


• Key Points When Operating an 
EKG Machine 


• EKG Settings 

• Some Reasons for Ordering an 
EKG 


Computerized Digital EKG Machine 



Figure 1.1 Computerized digital EKG machine. 

Used with permission of Kathleen J. Prater. 
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4 Section I Mechanics 


Key Points When Operating an EKG Machine 

1. Computerized digital EKG machines with battery backup: Keep the machines 
plugged in so the batteries remain fully charged and ready to use. This is especially 
handy when patients’ rooms are crowded with other machines plugged into the 
available electrical outlets. 

2. Procedure to obtain an EKG: 

a. After the EKG machine is turned on, enter the necessary patient data. 

b. Usually, in addition to the patient's name, the medical record number is required. 

c. Follow all prompts. 

d. Push the EKG button to record the 12-lead strip. This recording will be stored 
automatically on the SD card in the EKG machine, and downloaded into 

the multiuser management system. The physician enters the patient’s EKG 
interpretation from his or her computer into this management system. 

e. Be sure to relabel VI, V2, and V3 as V4r, VI, and V2, respectively, on the EKG. 

3. Changing the EKG paper: 

a. Press the lever that is usually located at the upper left corner of the top or lid of the 
machine. Open the lid; the recessed area holds one packet of EKG paper. 

b. Put the new packet of paper in this recessed area. Pull out about 8 inches of the 
paper, then close the lid. You are now ready to run another EKG. 

4. Lead placement: Do not overlap the electrodes. Use the modified lead 
placement as shown on the pediatric diagram in Chapter 3. Check for an upright 
P waves in lead I. An inverted P waves in lead I usually indicates incorrect lead 
placement but in rare cases may be correct. When taking off the leads and 
electrodes, be sure to recheck the hookup to ensure it was correct on the arms, legs, 
and chest. 

5. Rhythm strip: Run six pages when abnormal rhythm occurs. EKG paper runs at 
25 mm/sec; each EKG page of paper is equal to 10 sec. The physicians need to see 
how many abnormal beats occur in a 1-minute period of time. The three leads that 
are usually used for a rhythm strip are leads II, VI, and V5. Remember that rhythm 
strips are not stored automatically onto the computer memory card. 

6. Downloading the data: To save the EKG for retrieval, and as a permanent record, 
a computer memory card is required. 


EKG Settings 

The settings on newer computerized digital EKG machines are easy to change. If the 
physicians want two sheets for the 12-lead EKG, that is easily accomplished. There can 
be one to three rhythm strips on the EKG. Other physicians may prefer a one-paged EKG 
with rhythm strips. The rhythm strips are usually located at the bottom of the EKG. The 
speed of the paper is usually set at 25 mm/sec. If a physician wants the speed to be put at 
50 mm/sec for a particular patient, be sure to set the EKG machine back to the usual speed 
of 25 mm/sec when the 50 mm/sec speed EKG is done. The accuracy of calibration needs 
to be checked. Full standardization is 10 mm in amplitude and half standardization is 5 mm 
in amplitude. Another standardization is 10/5 mm; 10 mm in limb leads and 5 mm in the 
chest leads. The calibration must be straight upward for 10 mm and straight across the top 
for 5 mm. This has a relationship to the accuracy of the heartbeats. The filter for artifact is 
usually set at 150 Hz on most EKG machines. 


Some Reasons for Ordering an EKG 

1. Chest pain 

2. Syncope 

3. Palpitations 

4. Diaphoresis 

5. Shortness of breath 

6 . History of arrhythmia(s) 

7. Overdose 

8 . Nausea and vomiting 

9. Before and after cardioversion 

10. Before heart catheterization 

11. Before and after pacemaker insertion 

12. Cardiac and respiratory arrest 

13. Follow-up cardiology visit 

14. Physical examinations 

15. Family history of long QT syndrome 



CHAPTER 2 


How to Produce Quality 
Tracings 


Distractions 

When obtaining EKGs in children, it helps to have many different forms of distractions 
available to calm the child. A form of distraction that may work for one child may not 
calm another. Quickly learning as much as you can about your patient helps in choosing 
the best type of distraction. But that doesn’t always work. Children can be feeling tired, 
sick, nervous, or scared, or just be in a bad mood. In these situations, it is much harder 
to achieve a clear and readable EKG. Children who have neuromotor diseases present 
a different kind of challenge; in these situations, a family member can be a great help. 
One of the most effective distractions for a baby is an inflatable small beach ball attached 
to a hook in the ceiling, placed over the exam table. Twirling it around usually distracts 
the baby long enough for an EKG to be acquired. Stuffed animals, various toys, pretend 
disappearance of an object, singing songs, reciting nursery rhymes, and many other 
familiar activities aid in the art of distraction. Various items can relax children, making 
EKG testing successful. Family members can be of great assistance in suggesting what 
will help their child be more relaxed. 


• Distractions 

• Limitations 

• Artifact 

• Artifact Example 

• Residue 

• EKG Machine Representative 
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Limitations 

Many factors can hinder accurate interpretation of an EKG. The patient may be taking 
medication that alters the heartbeat waves. One example is digitalis, which can change 
the ST segment, making it impossible to interpret ischemia. Even so, the EKGs obtained 
can still be helpful for identifying atrial and ventricular arrhythmias. Physical factors may 
interfere with the EKG recording. Children who have had a central line inserted have tape 
in this area, which can interfere with viewing of the precordial (chest) leads. Muscle trem¬ 
ors will produce artifacts that alter the true heartbeats, rendering the EKG unreadable. 
Scarred skin causes a barrier to transmission of the EKG signal in the area of the scarring. 
Neuromotor diseases represent a huge number of disorders that cause noninterpretable 
EKGs. The body tension in an anxious patient produces artifact on the tracing. Some chil¬ 
dren have no intention of cooperating and hence resist being tested; this is another limita¬ 
tion (albeit a rare one). If the EKG leads are incorrectly hooked up, the interpretation will 
be compromised. 


Artifacts 

Consider the following suggestions for eliminating artifacts on the EKG. An EKG is usually 
not interpretable in the presence of artifact. 

1. Make sure that the EKG electrodes are not touching other electrodes such as those 
for telemetry monitoring. 

2. Change the electrodes if they have dried out. 

3. Check the patient wires and the machine’s electric cord for cracks or breaks. Replace 
immediately if they are damaged. 

4. Change the left leg electrode if leads II, III, and aVF have artifact. 

5. Change the right arm electrode if leads I, II, and aVR have artifact. 

6. Change the left arm electrode if leads I, III, and aVL have artifact. 

7. Have the patient place his or her hands palm side down under the hips. 

8 . The filtering systems on newer computerized digital EKG machines have eliminated 
most of the previous electrical artifact problems. Set the Hertz at 150 Hz for even 
better filtering. 
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Artifact Example 

Do not rely on the machine’s interpretation, especially in the presence of artifact. It is 
very important that you look at the rhythm, rate, P waves, PRI, QRS, and QT/QTc and 
analyze the tracing yourself. You may be responding to an emergency situation, which can 
occur for nurses, physician assistants, paramedics, telemetry technicians, and others. In 
such situations, including a systematic checklist as part of your routine will improve the 
chances that your interpretations are correct. When a systematic checklist is not used, 
many important abnormalities may be overlooked; only the obvious will be seen. The EKG 
that follows has some incorrect statements in the interpretation, possibly as the result of 
the artifact. Notice what is incorrect. 



Figure 2.1 Artifact example. 

Used with permission of Kyle Roberts. 
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Residue 

It is not uncommon for mothers to put baby oil or lotion on their young children. This also 
occurs sometimes with older children and teens. The oil makes a barrier between the skin 
and the electrode. Usually, transmission of the impulse will not take place and the EKG or 
rhythm strips will not be interpretable. The best solution is to remove the oil or lotion with 
soap and water. Be sure to rinse off the soap. Soap residue can also create a barrier between 
the skin and the electrode. The most convenient way to remove soap film, oil, or lotion is 
to use alcohol preps. Similarly, the gel used for echocardiogram testing, if not completely 
removed from the chest, will prevent EKG electrodes from adhering securely to the chest. 
Patients with naturally oily skin present the same problems as babies whose mothers have 
put the oil or lotion on them. Remove natural skin oils using the same method explained 
earlier. Some patients are diaphoretic; their skin needs to be kept dry long enough for the 
electrodes to transmit an interpretable EKG tracing. 


EKG Machine Representative 

The representatives of EKG machine manufacturing and sales companies can be 
instrumental in helping health care providers perform EKGs more efficiently and more 
effectively by teaching them important features of the machine that save time and increase 
the quality of recordings. Better tracings and efficiency are obtained by operators who are 
more knowledgeable about the machine’s features. 

The ultimate goal is to produce an accurate and artifact-free EKG or rhythm strip as an 
interpretable tracing for the physician. 

The modern computerized digital EKG machines can be combined with other tests 
for a multimedia account of a patient's heart history. Physicians can retrieve from their 
own computers the results of all or most of the cardiac testing done on their patients. This 
multimedia acquisition of the test results can provide a quicker and more complete cardiac 
history of the patients. 


SECTION II 


Criteria for Pediatric 
Rhythms and EKGs 



• Chapter 3 Technique 

• Chapter 4 Fundamentals 




CHAPTER 3 


Technique 


Pediatric EKG Hookup Diagram 



Figure 3.1 EKG hookup diagram. 

Figure adapted by Kathleen J. Prater. 


• Pediatric EKG Hookup Diagram 

• Pediatric EKG Hookup Instructions 

• Standardizations 

• Correct Labeling of Pediatric EKGs 

• Systematic Checklist 

• Rhythm Strip Use and Lengths 

• Dextrocardia 

• Dextrocardia Hookup and Explanation 
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Pediatric EKG Hookup Instructions 

LA/RA: Any place on each arm or first intercostal space 
midclavicular line on left and right sides 
(This intercostal placement can help prevent 
artifact caused by arm movement.) 

LL/RL: Any place on each leg or just below the navel 
with one on each side 

(Below navel can help prevent artifact from leg 
movement.) 

VI: Fifth intercostal space, right of sternum, mid- 

clavicular line (V4R area) 

(This location will detect possible right-sided 
cardiac lesions.) 

V2: Fourth intercostal space, right of sternum border 

(VI area) 

V3: Fourth intercostal space, left of sternum border 

(V2 area) 

V4: Fifth intercostal space, left of sternum, 

midclavicular line 

V5: Fifth intercostal space, left of sternum, anterior 

axillary line 

V6: Fifth intercostal space, left of sternum, 

midaxillary line 

Placing the electrodes and wires in these particular places 

consistently will provide more accurate comparison of a 

patient's most recent EKG with previous EKGs. 


Standardizations 

Change the standardization when the different leads 
on the EKG overlap each other. 



Figure 3.2 Standardizations. 

Used with permission of Kathleen J. Prater. 












Chapter 3 Technique 15 


Correct Labeling of Pediatric EKGs 

For correct interpretation, it is very important to identify where you placed the patient’s 
lead wires and electrodes. Note that if your EKG machine cannot label the VI as V4R, mark 
through the VI and put V4R. Next, mark through V2 and put VI and also mark through V3 
and put V2. You have now correctly labeled a pediatric EKG. 



Figure 3.3 Identification of lead wires. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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Systematic Checklist 

Rhythm: 

□ Is it regular? 

□ Is it irregular? 

□ Are there any patterns to the irregularity? 

□ Are there any ectopic beats? If so, are they early or late? 

Rate: 

□ What is the exact rate? 

□ Is the atrial rate the same as the ventricular rate? 

P Waves: 

□ Are the P waves regular? 

□ Is there one P waves for every QRS? 

□ Is the P waves in front of the QRS or behind it? 

□ Is the P waves normal and upright in lead I? 

□ Are there more P waves than QRS complexes? 

□ Do all the P waves look alike? 

□ Are the irregular P waves associated with ectopic beats? 


PR Interval: 

□ Are all the PRIs constant? 

□ Is the PRI measurement within normal range? 

□ If the PRI varies, is there a pattern to the changing measurement? 

QRS Complex: 

□ Are all the QRS complexes of equal duration? 

□ What is the measurement of QRS complex? 

□ Is the QRS measurement within normal limits? 

□ Do all the QRS complexes look alike? 

□ Are the unusual QRS complexes associated with ectopic beats? 

QT Interval: 

□ This measurement is usually found on the completed EKGs. It is not 
always correct. Recheck if it is questioned. Normal values for the QT 
interval are found in Chapter 7, Table 7.6. 

Don't be impatient and just jump around when looking at 
your patient's EKG. The obvious will stand out, such as premature 
ventricular complexes, but did you miss an acute infarction? That would 
lead to a major problem for your patient that could have been prevented. 
Be diligent and use the systematic checklist. 


Rhythm Strip Use and Lengths 

Telemetry monitoring in hospitals, ambulances, clinics, and many other medical facilities 
utilize rhythm strips in addition to EKGs. In some telemetry labs, rhythm strips are printed 
off and placed in the patient’s chart as documentation. Other medical facilities have the 
capability to download and send these tracings and EKGs directly to the patient’s comput¬ 
erized chart and to medical records computers. This provides quicker and easier retrieval 
for physicians and other authorized personnel. This quick retrieval saves time, which can 
be a huge benefit in the patient’s care. Telemetry technicians rely on retrieval of rhythm 
strips and EKGs from medical records to compare a patient’s previous admission tracings 
with the tracings obtained on new admission of the same patient for telemetry. 

A 1-minute rhythm strip is usually what physicians request when an EKG records 
abnormal beats. This gives the physician an opportunity to see how frequently the abnor¬ 
mal beats occur over 1 minute. Set the EKG machine to produce a rhythm strip. Run off six 
pages from the EKG monitor; this equals 1 minute of time (each page is 10 sec). The three 
leads usually chosen are II, VI, and V5. If only one lead is chosen, lead II is usually the best 
one to use in most situations. When the rhythm is irregular, a 6-sec rhythm strip is needed 
to count how many R waves occur between two consecutive 3-sec markers located at the 
bottom of the EKG paper. (A 1-sec count on the EKG/rhythm strip grid paper is five large 
boxes. So, it takes 30 large boxes to equal 6 sec.) Count the number of R waves in the 6-sec 
rhythm strip and multiply that number by 10. If, for example, there are eight R waves in the 
6-sec strip, multiplying the eight R waves by 10 yields an answer of 80 bpm. 


Dextrocardia 

In patients with dextrocardia, the heart is located on the right side of the chest instead 
of the usual left side. There are various forms of dextrocardia. One difference seen on 
a 12-lead EKG of a dextrocardia patient is the inversion of the P waves in lead I. The 
normal sinus EKG has an upright P waves in lead I. The second clue is the extremely low 
amplitude of the heart beats in V4 to V6. 

There are usually two EKGs requested by cardiologists when a patient's heart is 
dextrocardia. The first one is the usual pediatric hookup placement; the second one is the 
dextrocardia placement. A diagram of the pediatric EKG hookup appears at the beginning 
of this chapter (see Figure 3.1). The dextrocardia hookup EKG relocates V4, V5, and V6 
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wires and electrodes from the left to right side of the chest. Figure 3.4 shows the dex¬ 
trocardia placement on the right side of the chest and includes instructions about the 
placements. 

Dextrocardia Hookup and Explanation 



Figure 3.4 Dextrocardia hookup. 

Figure adapted by Kathleen J. Prater. 


V4 wire is placed at the V3R location between the V4R and VI locations. 

V5 wire is placed at the V5R location, right of sternum, anterior axillary line. 
V6 wire is placed at the V6R location, right of sternum, midaxillary line. 

Be sure to mark the EKG with these changes. 




CHAPTER 4 


Fundamentals 


Electrical Pathways 

Electrical impulse travels from the SA node to the AV node to the bundle branches to the 
Purkinje fibers. This impulse goes to both atria and down to both ventricles. 


• Electrical Pathways 

• Heart Anatomy 

• Heartbeat Components and 
Explanations 

• Normal Pediatric Heart Rates 
(Memorize this) 

• Determining Heart Rate 

• Electrocardiographic Paper Grid 
Dimensions 

• Tools for Heartbeat 
Measurement 

• Determining the Axis of the 
Heart 

• Axis Quadrants 

• Heart Rates of Some 
Dysrhythmias 

• Polarity of Each Limb Lead 

• Premature Ventricular Complex/ 
Contraction (PVC) Frequency 
Events Chart 
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Heartbeat Components and Explanations 
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Figure 4.2 Heartbeat components. 

Adapted by Kathleen J. Prater. 


P waves: 

Atrial depolarization; duration <0.12 sec; amplitude <2.5 mm (limbs); 
<3.0 mm <6 months. 

PRI: 

Note: Measure P to Q (not to i?); PRI 0.12 sec to <0.20 sec (depends on 
age) (see Chapter 7) 

QRS: 

Ventricular depolarization-electrical activity; duration'. 0.06 to 0.10 
sec (60-100 ms) 

ST segment: 

ST segment can be above or below the isoelectric line or on the 
isoelectric line. 

T wave: 

Ventricular repolarization; time of rest 
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Normal Pediatric Heart Rates (Memorize this) 


Newborn to 3 months 85-205 

3 months to 2 years 70-200 

2 years to 10 years 60-140 

More than 10 years 60-100 


Heart rates are very important to keep in mind when working with various ages in the pedi¬ 
atric population. If the heart rate for a child is running much slower or much faster than the 
child’s range, be aware of what that may indicate. Look at Chapter 5 for sinus bradycardia 
(slower heart rate than normal) and sinus tachycardia (faster heart rate than normal). 


Determining Heart Rate 


300 150 100 75 60 



Figure 4.3 Heart rates. 


1500 method: 

Using your calculator, enter 1,500 and divide by number of smallest squares (0.4 sec each) 
between two R waves. The EKG must have a regular rhythm for 1500 method. Example: 
1,500 divided by 10 — 150 bpm. There are 1,500 of the smallest square boxes in a 1 minute 
period of time on an EKG grid paper. 

Six-Second Rhythm Strip Method: 

Use a 6 -second rhythm strip to count the number of R waves. Then add a zero to the end of 
that number. Example: 7 R waves are counted in a 6-second rhythm strip. Add a zero and 
the answer is 70 bpm (or, 7 x 10 = 70 bpm). 


Electrocardiographic Paper Grid Dimensions 

Electrocardiographic paper is cross matched with a grid of standardized dimensions. The 
vertical and horizontal lines are exactly 1 mm apart. To provide convenience for visual ref¬ 
erence, every fifth line, both vertically and horizontally, is in heavier print. 



Figure 4.4 Grid dimensions. 

Adapted by Kathleen J. Prater. 


The horizontal axis represents time, reading from left to right. Each 1-mm grid inter¬ 
val, at a standard recording speed of 25 mm/sec, represents 0.04 sec. The vertical axis 
corresponds to the amplitude of the electrocardiographic components. The amplitude is 
recorded in millimeters (mm). 
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Tools for Heartbeat Measurement 


Measurement from the start of Q to end of T wave. 



Measurement of the PRI. 


/ / i" 


Tools needed for heart beat measurements. 



Measurement of the R-R. Ventricular rate. 



Measurement of the P-P. Atrial rate. 
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Figure 4.5 Heartbeat measurement tools. 

Used with permission of Kathleen J. Prater. 
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Determining the Axis of the Heart 



Figure 4.6 Axis of the heart. 

Adapted by Kathleen J. Prater. 

Axis is the science of direction. Lead I of a normal sinus rhythm EKG has an upright R wave; 
this represents a leftward force pointing to the patient’s left. The aVF of a normal sinus 
rhythm EKG has an upright R wave; this represents an inferior force pointing to patient’s 
left foot. The axis in this scenario is in the lower quadrant of the circle in Figure 4.6, located 
between +90° and 0° (normal quadrant). Use the equiphasic lead of EKG: R wave height 
is equal to depth of the S wave in one lead. Find the perpendicular lead to this equiphasic 
lead on the axis wheel. That determines the axis of the patient’s heart. The perpendicular 
lead to lead I is aVF; to lead II is aVL; and to III is aVR. The use of lead I and aVF for QRS 
axis determination is the easier and quicker system. 
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Axis Quadrants 

Leads: I aVF 
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To locate a quadrant use leads I and aVF 

Look at the four different quadrants with the 
corresponding pairs using only leads I and aVF. 

Normal QRS axis varies with age: 

1 week—1 month: +110° (range +30° to +180°) 

1 month —3 months: +70° (range +10° to +125°) 
3 months —3 years: +60° (range +10° to +110°) 
Over 3 years: +60° (range +20° to +120°) 

Adult: +50° (range -30° to 105°) 


Figure 4.7 Locating the axis quadrants. 

Adapted by Kathleen J. Prater. 



Figure 4.8 Axis quadrants. 

Used with permission of Kathleen J. Prater. 
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Lead I electrodes: Positive left arm and negative in right arm. 

Lead II electrodes: Positive left leg and negative in right arm. 

Lead III electrodes: Positive left leg and negative in left arm. 
Augmented leads: aVR positive right arm, aVL positive left arm, 

and aVF positive left foot. 

Heart Rates of Some Dysrhythmias (values will depend on age). 


Atrial tachycardia 
Atrial flutter 
Atrial fibrillation 
Sinus bradycardia 
Sinus tachycardia 
Junctional rhythm 
Junctional escape rhythm 
Accelerated junctional rhythm 
Junctional tachycardia 
Junctional ectopic tachycardia 
Permanent J, reciprocating T 
Supraventricular tachycardia 

Ventricular tachycardia 
Ventricular fibrillation 


150-250 bpm 
220-300 bpm 
350-600 bpm 

Slower than normal for age 

Faster than normal for age 

40-60 bpm 

40-60 bpm 

60-100 bpm 

>100 bpm 

Rapid HR for age 

120-250 bpm 

190-350 bpm infant, 150-250 bpm 
child, >100 bpm other ages 

>100 

150-500 bpm 


aVR 



Figure 4.9 Polarity of each limb lead. 

Adapted by Kathleen J. Prater. 
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The chart for Heart Rates of Some Dysrhythmias on the previous page (and the earlier 
chart for normal pediatric heart rates on page 22 of this chapter) represent a standard for 
heart rates important in the process of interpreting rhythms and EKGs. There should be an 
open communication between physicians and the health care providers who record and 
interpret rhythm strips and EKGs. The physicians’ conveyed criteria to the health care 
providers will make clear the guidelines they want followed. This clear understanding by 
all will provide better efficiency and better health care for the patient. 


Premature Ventricular Complex/Contraction (PVC) 
Frequency Events Chart 


Very rare 
Rare 

Occasional 

Frequent 

Constant 

Nonsustained 

Sustained 


1 event per hour 
1 event per 5 minutes 
1-5 events per minute 
6-10 events per minute 
>10 events per minute 
Event of 1-30 sec duration 
Event of > 30 sec duration 


SECTION III 


Pediatric Rhythm Strips 
and Interpretations 



• Chapter 5 Arrhythmias Associated 

With Specific Medical 
Conditions or Drugs 

• Chapter 6 Normal to Advanced 

Rhythms 




CHAPTER 5 


Arrhythmias Associated 
With Specific Medical 
Conditions or Drugs 


• Sinus Bradycardia (SB) 

• Sinus Tachycardia (ST) 

• Supraventricular Tachycardia (SVT) 

• Atrial Flutter (AFL) 

• Atrial Fibrillation (AF) 

• Junctional Rhythms (JR) 

• Long QT Syndrome 
(LQTS) 

• Ventricular Tachycardia (VT) 

• Ventricular Fibrillation (VF) 

• First-Degree Atrioventricular (AV) 
Block 

• Second-Degree AV Block Mobitz I 

• Second-Degree AV Block Mobitz II 

• Third-Degree AV Block 

• Left Ventricular Hypertrophy (LVH) 

• Right Ventricular Hypertrophy (RVH) 

• Wolff-Parkinson-White (WPW) 
Syndrome 
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Sinus Bradycardia (SB) 

All of the electrical impulses come from the SA node, but at a slower rate than expected 
for the patient's age. Although slower, the electrical impulses still travel in a normal fashion 
throughout the electrical conduction system. Refer to the pediatric heart rate chart in 
Chapter 4. 

SB can be associated with: 

Sleeping, hypoglycemia, hypothyroidism, hypothermia, hypoxia, increased intracra¬ 
nial pressure, vagal stimulation, conditioned athletes, beta-blocker therapy, and digitalis 
toxicity. 



Rhythm Strip 5.1 Sinus bradycardia (SB) in a 9-year-old. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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Sinus Tachycardia (ST) 

All of the electrical impulses come from the SA node, but at a faster rate than expected for 
the patient's age. Although faster than normal for age, the impulses still travel in a normal 
fashion throughout the electrical conduction system. Look at the pediatric heart rates in 
Chapter 4. 

ST can be associated with: 

Fever, pulmonary embolism, asthma, hypoxia, infection, shock, hyperthyroidism, bleeding, 
anxiety, congestive heart failure, pain, Kawasaki disease, and dehydration. 
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Supraventricular Tachycardia (SVT) 

SVT can be found to occur in normal and abnormal hearts. Heart rates can be 190 to 
350 bpm (infant) and 150 to 250 bpm (child) or >100 for others. 

SVT can be associated with: 

Wolff-Parkinson-White (WPW) syndrome, infection, congestive heart failure, hypoxia, 
fever, congenital heart disease, and electrolyte imbalance. (Approximately 50% of infants 
have idiopathic causes for atrial or SVT.) 



Rhythm Strip 5.3 Sinus rhythm followed by supraventricular tachycardia (SVT) in a 2-year-old. 
Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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Atrial Flutter (AFL) 

Lead II is the best lead to look at the AFL sawtooth pattern. AFL has a regular rhythm at a 
heart rate range of 220 to 300 bpm. The inversions seen in the flutter at a regular rhythm 
are the inverted P waves. Measure the inverted P-P for this atrial rate. A QRS is not pro¬ 
duced from every flutter wave; for this reason it is important to record the atrial rate and the 
ventricular rate separately. When the R-R rhythm is irregular, use a 6-sec rhythm strip to 
measure. An AFL reading could be: The fluttering was varying 3:1,4:1, and 6:1 conduction. 

AFL can be associated with: 

Wolff-Parkinson-White syndrome, pulmonary disease, congestive heart failure, pericardi¬ 
tis, congenital heart disease, mitral valve prolapse, and rheumatic heart disease. 

AFL is most often associated with post-cardiac surgery. 
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Atrial Fibrillation (AF) 

The electrical activity in the atria is extremely disorganized. The heart rate range for atrial 
fibrillation (AF) can be 350 to 600 bpm. The P waves are not discernable at this extremely 
fast atrial rate and the ventricular response is irregular. AF is rare in children, with the most 
common occurrence in the adult population. The children experience the same symptoms, 
diagnosis, and treatment of AF as do the adults. The P-P heart rate is approximately 500 
bpm; the R-R heart rate measured on a 6-second strip is approximately 200 bpm. 

AF can be associated with: 

Congenital heart disease, post-atrial surgery, hypoxia, pericarditis, electrolyte imbalance, 
hypertension, and hyperthyroidism. 
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Junctional Rhythms (JR) 

JRs will have an inverted P waves because the atria are depolarized by a retrograde con¬ 
duction. The impulse will depolarize the ventricles in a normal fashion and at the same 
time it will depolarize the atria with retrograde conduction. Some P waves will be upright 
with a PRI <120 ms. 

The P waves can be seen before or after the QRS, but if the P waves is in the QRS it will 
be hidden. The PRI of the junctional arrhythmias will be <0.12 sec or 120 ms. JR maintains 
the heart rate of 40 to 60 bpm at times of bradycardia or asystole. 

JR can be associated with: 

Acute inferior wall infarction (myocardial infarctions [Mis] are rare in the pediatric popula¬ 
tion), increased vagal tone, digitalis toxicity, and sick sinus syndrome. 



Rhythm Strip 5.6 Junctional rhythm (JR). 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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Long QT Syndrome (LQTS) 

Long QT syndrome can be an inherited or acquired pathology. The computerized digital 
EKG machines record the QT and QTc; however, they are not always correct. If you ques¬ 
tion the machine’s QT/QTc result, use the QTc formula to recheck. This formula is found in 
Chapter 7, Table 7.6; it is the quickest and most accurate QTc method. QT syndrome may be 
seen with the sudden onset of ventricular arrhythmias causing hypotension. Hypotension 
can result in an unexpected loss of consciousness, seizures, or death. There is treatment 
for long QT syndrome. Refer to Chapters 6, 7 (Table 7.6), and 8 for more information about 
long QT syndrome. 

Long QT syndrome can be associated with: 

Severe bradycardia, antidepressants (impramine), hypokalemia, hypocalcemia, antibiotics 
(erythromycin, bactrim), antifungals (fluconazole, ketoconazole), antiarrhythmics (quini- 
dine, flecainide, sotalol, amiodarone), hypomagnesium, and procainamide. 



Rhythm Strip 5.7 Long QT syndrome in 15-year-old. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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Ventricular Tachycardia (VT) 

VT originates in the ventricle and produces a regular rhythm of at least three PVCs or 
more. VT is a rarity in children. The VT heart rate is >100 bpm. The pumping mechanism 
of the heart is not as effective since the upper and lower chambers are no longer beating 
in synchrony. 

VT can be associated with: 

Post-cardiac surgery, congestive heart failure, cardiomyopathy, electrolyte imbalance, long 
QT syndrome, and hypertension. See the 10-beat run of VT at 160 bpm in Rhythm Strip 5.8. 



Rhythm Strip 5.8 Ventricular tachycardia (VT) in a 4-year-old. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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Ventricular Fibrillation (VF) 

VF must be rapidly terminated! The ventricles quiver and cannot pump any blood. This 
chaotic electrical discharge of VF does not depolarize the ventricles effectively and leads 
to death. Effective treatment administered quickly can save a person. Rates of VF can be 
150 to 500 bpm. The amplitude of this rhythm will decrease over time and go from a coarse 
VF to a more fine VF morphology. 

VF can be associated with: 

Post-cardiac surgery, congestive heart failure, electrolyte imbalance, acute myocardial 
ischemia, cardiomyopathy, infarction, hypokalemia, and hyperkalemia. 



Rhythm Strip 5.9 Ventricular fibrillation (VF) in a 2-month-old. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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First-Degree Atrioventricular (AV) Block 

First-degree AV block is actually not a block! It is a delay in the conduction through the 
AV node. The PRIis usually 0.20 sec or greater (or 200 ms or greater). In the pediatric pop¬ 
ulation, it depends on age and heart rate] in pediatric patients, PRI can be even <0.20 sec 
or <200 ms (see Chapter 7, Table 7.1) 

First-degree AV block can be associated with: 

Myocarditis, post-cardiac surgery, vagal stimulation, antiarrhythmic medicines, and cal¬ 
cium channel blockers 
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Second-Degree AV Block Mobitz I 

Second-degree AV block Mobitz I (also referred to as the Wenckebach phenomenon) is seen 
when the PRI prolongs until no QRS is produced. This block is usually a benign rhythm, caus¬ 
ing minimal hemodynamic disturbance with low risk of going into third-degree AV block. 

Second-degree AV block Mobitz I can be associated with: 

Increased vagal tone (athletes), myocarditis, inferior MI, post-cardiac surgery (MVR & 
TOF), beta-blockers, calcium channel blockers, digoxin, and amiodarone. 




SUHE 
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Rhythm Strip 5.11 Second-degree atrioventricular (AV) block Mobitz I in a 17-year-old. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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Second-Degree AV Block Mobitz II 

Second-degree AV block Mobitz II occurs when there is a dropped ventricular depolarization 
(QRS) with the PRI staying consistent across the tracing. It can develop into hemodynamic 
compromise, bradycardia, and complete heart block (CHB). There is a risk of asystole. 

Second-Degree AV block Mobitz II can be associated with: 

Anterior MI (septal MI with necrosis), inflammatory conditions (rheumatic fever, myocardi¬ 
tis, Lyme disease), cardiac surgery, hyperkalemia, amiodarone, digoxin, beta-blockers, and 
calcium channel blockers. 



Rhythm Strip 5.12 Second-degree atrioventricular (AV) block Mobitz II in a 9-month-old. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 

















44 Section III Pediatric Rhythm Strips and Interpretations 


Third-Degree AV Block 

Third-degree AV block is also called complete heart block. There is a complete absence 
of A-V conduction. This rhythm is handled by a junctional or ventricular escape rhythm. 
Many times the patient will have severe bradycardia with independent atrial and ventricu¬ 
lar rates. The patient may suffer ventricular standstill leading to syncope or sudden cardiac 
arrest. Requires urgent admission for cardiac monitoring, back up pacing, and usually an 
insertion of a permanent pacemaker. 

Third-Degree AV block or CHB can be associated with: 

Increased vagal tone (athletes), myocarditis, inferior MI, cardiac surgery, post-cardiac sur¬ 
gery (MVR and TOF), beta-blockers, calcium channel blockers, digoxin, amiodarone, ante¬ 
rior MI (septal MI with necrosis), inflammatory conditions (rheumatic fever, myocarditis, 
Lyme disease), and hyperkalemia. 

Third-degree AV block or CHB has an idiopathic degenerative conduction system. 



Rhythm Strip 5.13 Third-degree atrioventricular (AV) block (complete heart block) in a 17-year-old. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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Left Ventricular Hypertrophy (LVH) 

LVH is the thickening of the muscle of the left ventricular pumping chamber. The left ven¬ 
tricle pumps the blood from the heart to the rest of body. 

LVH can be associated with: 

Hypertrophic obstructive cardiomyopathy, aortic stenosis, aortic regurgitation, coarcta¬ 
tion, large ventricular septal defect (VSD), moderately large patent ductus arteriosus (PDA), 
systemic hypertension, and, rarely seen in pediatric population, heart attacks. 

An EKG is needed to show all the leads that indicate that it is LVH. R wave amplitude 
is usually seen in leads I, aVL, and V4-V6 for LVH. 
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Rhythm Strip 5.14 Left ventricular hypertrophy (LVH) in a 3-month-old. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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I 


Right Ventricular Hypertrophy (RVH) 

RVH is the thickening of the muscle of the RV pumping chamber. The RV pumps the blood 
to the lungs. 

RVH can be associated with: 

Tetrology of Fallot (TOF), pulmonary hypertension, pulmonary stenosis and atresia, atrial 
septal defect, tricuspid regurgitation, arrhythmogenic right ventricular cardiomyopathy, 
transposition of the great arteries, and total anomalous pulmonary venous return. 

Rhythm Strip 5.15 is at half standard. R wave amplitude is usually in leads V4R and VI 
for RVH. 













Chapter 5 Arrhythmias Associated With Specific Medical Conditions or Drugs 47 


Wolff-Parkinson-White (WPW) Syndrome 

WPW is a pre-excitation syndrome. It is easily recognized by its delta wave; the delta wave 
has a distinct slurred upstroke at the start of the QRS. WPW bypasses the AV node, which 
provides a 0.09-sec delay or almost 1/1 Oth sec delay. This lack of delay at the AV node can 
possibly cause harmful arrhythmias. If atrial fibrillation occurs, there is a potential for the 
ventricles to be attacked by impulses at a rate of over 300 bpm. This can further lead to 
ventricular tachycardia or ventricular fibrillation. Some tachycardia can be SVT with aber¬ 
rant conduction due to WPW. WPW is one of the three most common disorders associated 
with sudden death. 

A 12-lead EKG showing WPW appears in Chapter 8. Lead V5 shows the delta wave well 
in Rhythm Strip 5.16. 

WPW syndrome can be associated with: 

SVT with aberrancy, VT, VF, and AV blocking drug therapy. 
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Normal to Advanced 
Rhythms 


• Normal Sinus Rhythm (NSR) 
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Normal Sinus Rhythm (NSR) 



Rhythm 

Regular 

Rate 

118 bpm (see Chapter 4, normal pediatric heart rates) 

P waves 

Normal and upright (see Chapter 4, heart beat components) 

PRI 

122 ms 

QRS 

76 ms 


QT/QTc 


300/420 ms 
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Sinus Arrhythmia (SA) 



Rhythm Strip 6.2 Sinus arrhythmia (9-year-old). 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 


Sinus arrhythmia is normal in children (inhale and exhale of breaths). 


Rhythm 

Irregular 

Rate 

60 bpm (use 6-sec rhythm strip to measure) 

P waves 

Normal and upright 

PRI 

144 ms 

QRS 

72 ms 

QT/QTc 

400/413 ms 
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Rhythm Strip 6.3 Sinus bradycardia (9-year-old). 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 


Sinus bradycardia's electrical impulses come from the sinoatrial (SA) node, but at a 
slower rate than normal rate for age. It still travels in a normal fashion throughout the elec¬ 
trical conduction system. The chart for normal pediatric heart rates is in Chapter 4. 


Rhythm Regular 

Rate 50 bpm 

P waves Normal and upright 


PRI 138 ms 


QT/QTc 


476/434 ms 
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Sinus Tachycardia (ST) 



Rhythm Strip 6.4 Sinus tachycardia (2-year-old). 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 


All of the electrical impulses for sinus tachycardia come from the SA node, but at a 
faster rate for age. It still travels in a normal fashion throughout the electrical conduction 
system. The chart for normal pediatric heart rates is in Chapter 4. 


Rhythm 

Regular 

Rate 

247 bpm 

P waves 

Normal and upright 

PRI 

88 ms 

QRS 

162 ms 

QT/QTc 

180/365 ms 





Rhythm Strip 6.5 Wandering atrial pacemaker (3-year-old). 
Rhythm strip provided by Riley Hospital for Children. Used with permission. 


Wandering atrial pacemaker is a benign dysrhythmia in children. It is characterized 
by beat to beat changes in the P waves morphology with normal QRS complexes. Notice 
the inverted P waves in this rhythm strip. This occurs in healthy children and there is no 
treatment required if the heart rates are adequate. 


Rhythm 

Irregular 

Rate 

90 bpm 

P waves 

Inverted and seen best in lead II (WAP); normal and upright (sinus beats) 

PRI 

132 ms 

QRS 

74 ms 

QT/QTc 

330/399 ms 






























SVE beats and one couplet are shown. 

SVEs are also referred to as premature atrial contractions (PACs). 


Rhythm 

Irregular 

Rate 

100 bpm 

P waves 

Inverted and seen best in lead II; normal beats have P waves normal and 
upright 

PRI 

108 ms 

QRS 

74 ms 

QT/QTc 

350/449 ms 
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Supraventricular Tachycardia (SVT) 



Rhythm Strip 6.7 Supraventricular tachycardia (SVT) (2-year-old). 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 


SVT is seen in the last 12 beats of this rhythm strip. Supraventricular means "above 
the ventricles.” SVT heart rate is usually 190 to 350 in infants, 150 to 250 in children, and 
greater than 100 in others. 


Rhythm 

Regular SVT; regular sinus rhythm 

Rate 

250 bpm SVT; 83 bpm sinus rhythm 

P waves 

Unable to determine SVT; normal and upright in sinus rhythm 

PRI 

Unable to determine with SVT; 120 ms in sinus rhythm 

QRS 

80 ms SVT; 80 ms sinus rhythm 

QT/QTc 

338/423 ms 













































SVT can be found to occur in normal and abnormal hearts. The heart rates can be 190 
to 350 in infants, 150 to 250 in children and greater than 100 bpm for others. 


Rhythm 

Regular 



Rate 

307 bpm 



P waves 

Unable to determine 



PRI 

Unable to determine 



QRS 

42 ms 




QT/QTc 


100/226 ms 
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SVT Post-Adenosine 


Rhythm Strip 6.9 Post-adenosine in a patient with supraventricular tachycardia (same 3-week-old as in Rhythm Strip 6.8) 
Rhythm strip provided by Riley Hospital for Children. Used with permission. 


Diffused T wave abnormalities are most likely from postshock effect. Adenosine given 
to this patient resulted in a successful return to normal rate and rhythm. 


Rhythm 

Regular 

Rate 

112 bpm 

P waves 

Normal and upright 

PRI 

114 ms 

QRS 

60 ms 


QT/QTc 


320/437 ms 
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Atrial Flutter (AFL) 



Rhythm Strip 6.10 Atrial flutter (3-week-old). 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 


A QRS is not produced from every flutter/P waves; it is important to record both the 
atrial and the ventricular rates. The atrial flutter range is usually 220 to 300 bpm. The 
P-P measurement of this tracing measures the atrial rate at 332 bpm; the R-R measurement 
is 166 bpm. This is a 2:1 atrioventricular (AV) conduction. 


Rhythm 

Regular 

Rate 

Atrial rate: 332 bpm; ventricular rate: 166 bpm 

P waves 

Flutter/P waves; characteristic sawtooth pattern 

PRI 

Unable to determine 

QRS 

118 ms 

QT/QTc 

Unable to determine 


mm 
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Wolff-Parkinson-White (WPW) Syndrome 





Rhythm Strip 6.11 Wolff-Parkinson-White syndrome (12-year-old). 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 


An EKG is the better modality; see Chapter 8. The delta wave is seen well in the lead V5 
shown as the bottom lead of the above rhythm strips. Shorter PRI with wider QRS creates 
the delta wave. WPW can go into arrhythmias such as SVT with aberrant conduction, 
because of the WPW. If atrial fibrillation occurs, there is a possibility that this could lead to 
VT or even VR 


Rhythm 

Regular 

Rate 

77 bpm 

P waves 

Normal and upright 

PRI 

84 ms; note that the PRI is shorter than normal 

QRS 

144 ms; note that the QRS is wider than normal 

QT/QTc 

402/455 ms 
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Junctional Rhythm (JR) Morphologies 


The QRS is preceded by a shorter-than-normal PRI. In the diagram here, 
the atria are depolarized before the ventricles. The PRI will be <0.12 sec 
or <120 ms. 



Simultaneous depolarization of the atria and the ventricles have no visible 
P waves. The diagram here points to where the P waves is hidden. 



In this diagram the ventricles are depolarized before the atria. This is 
illustrated here showing that the P waves follows the QRS complex. 



Figure 6.1 Junctional rhythm (JR) morphologies. 


JR will depolarize the ventricles in a normal fashion and, at the same time, will depolar¬ 
ize the atria with a retrograde conduction. JR is an important safety mechanism at the time 
of bradycardia and asystole. There are also upright P waves with some of the junctional 
beats. Those upright P waves that are in front of the QRS also have a shorter than normal 
PRI (<0.12 sec or 120 ms). 
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Premature Junctional Complexes/Contraction (PJC) 



Rhythm Strip 6.12 Premature junctional contraction. 

Adapted by Kathleen J. Prater. 


Premature junctional complexes/contractions (PJC) originate from an ectopic beat in the 
AV junction. They come earlier than sinus beats are expected to arrive. PJCs are less often 
seen than PACs or premature ventricular complexes/contractions (PVCs). PJC can be pre¬ 
cipitated by fatigue, rheumatic heart disease, caffeine, tobacco, and some stimulant street 
drugs such as amphetamines and cocaine. Electrolyte imbalance and digoxin toxicity are 
other causes. 


Rhythm 

Irregular 

Rate 

125 bpm 

P waves 

Normal and upright 

PRI 

160 ms 

QRS 

80 ms 

QT/QTc 

320/452 ms 
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Junctional Rhythm (JR) 



Rhythm Strip 6.13 Junctional rhythm (JR). 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 


Junctional rhythm (JR) has a heart rate range of 40 to 60 beats per minute. The inverted 
P waves can be located either before the QRS with a-shorter-than-normal PRI (<120 ms) or 
in the QRS or after the QRS. JR takes over when the SA node dysfunctions. 


Rhythm 

Regular 

Rate 

40 bpm 

P waves 

Not visible 

PRI 

Unable to determine 

QRS 

110 ms 

QT/QTc 

440/366 ms 
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Junctional Escape Rhythm (JER) 



Junctional escape rhythm (JER) is one of the rhythms that takes over when a 
patient is in third-degree AV block. There is a narrow QRS and no P waves are visible 
in the area of this JER rhythm strip. JER is 40 to 60 bpm. This tracing shows a JER 
and then the rhythm changes back to sinus rhythm. 


Rhythm 

Regular (slight change) 

Rate 

46 bpm 

P waves 

Not visible (JER); normal and upright (sinus) 

PRI 

120 ms 

QRS 

65 ms 

QT/QTc 

400/396 ms 
























Rhythm Strip 6.15 Accelerated junctional rhythm (AJR). 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 


AJR occurs when the AV junctional pacemaker rate exceeds the rate of the sinus node. 
AJR heart rates range between 60 and 100 bpm. Sinus bradycardia follows this AJR. 


Rhythm 

Regular (AJR) 

Regular (bradycardia) 

Rate 

94 

56 bpm 

P waves 

Not visible 

Wide and upright LAE 

PRI 

Unable to determine 

220 ms first-degree AV block 

QRS 

144 ms 


QT/QTc 

458/425 ms 
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Junctional Tachycardia (JT) 
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Rhythm Strip 6.16 Junctional tachycardia (1-week-old). 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 


Junctional tachycardia has a heart rate of over 100 bpm. This tracing has no P waves 
seen, has a narrow QRS, and is over 100 bpm. 


Rhythm 

Regular 

Rate 

150 bpm 

P waves 

Not visible 

PRI 

Unable to determine 

QRS 

64 ms 

QT/QTc 

254/401 ms 
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Premature Ventricular Complexes/Contractions (PVC) 



Rhythm Strip 6.17 Premature ventricular contractions. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 


Premature ventricular contractions (PVCs) are characterized by a premature, wide 
QRS complex followed frequently (but not always) by a T wave that points in the opposite 
direction of the normal beat for the patient. These PVCs are in bigeminal and trigeminal 
patterns. 


Rhythm 

Irregular (for frequency of PVC events, see Chapter 4) 

Rate 

110 bpm 

P waves 

Normal and upright 

PRI 

136 ms 

QRS 

66 ms 

QT/QTc 

336/454 ms 
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Multiform Ventricular Couplet 

I 



Rhythm Strip 6.18 Multiform ventricular couplet. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 


Multiform ventricular couplet comes from two or more ventricular ectopic foci. This 
produces multiple QRS morphologies. 


Rhythm 

Irregular 

Rate 

70 bpm 

P waves 

Normal and upright 

PRI 

120 ms 

QRS 

90 ms 

QT/QTc 

400/447 ms 
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Ventricular Tachycardia (VT) 



Rhythm Strip 6.19 Ventricular tachycardia. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 


Ventricular tachycardia (VT) originates in the ventricles and produces a regular rhythm 
of at least three PVCs or more. VT has a rate of >100 bpm. This VT has a regular rhythm of 
10 uniform PVCs. The other PVCs are called isolated uniform PVCs. They are located sin¬ 
gularly and have the same morphology. The heart rate of this VT is 160 bpm. 


Rhythm 

Irregular 

Rate 

130 bpm (30 large boxes equal to a 6-second strip, too) 

P waves 

Normal and upright 

PRI 

114 ms 

QRS 

74 ms 

QT/QTc 

Cannot determine without two consecutive heart beats 
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Torsades de Pointes (TdP) 



Rhythm Strip 6.20 Torsades de Pointes. 

Source: Green, J. M., & Chiaramida, A. J. (2014). 12-Lead EKG Confidence: A Step-by-Step Guide, Third Edition. 
New York, NY: Springer Publishing Company. 


Torsades de Pointes (TdP) means twisting of points; another name given to this arrhyth¬ 
mia is polymorphous ventricular tachycardia (PVT). It is recognized on a tracing as groups 
of ventricular beats that point up while other ventricular groups of beats point down. Most 
common cause of TdP is myocardial ischemia. Some medications can be a contributor to 
this: phenothiazine, adrenergics, antihistamines, procainamide, quinines, and sotalol. 


Rhythm 

Irregular 

Rate 

180 bpm 

P waves 

Normal and upright 

PRI 

140 ms 

QRS 

100 ms 

QT/QTc 

320/472 ms 
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Ventricular Flutter and Fibrillation (VFL and VF) 



Ventricular flutter has continuous sine 
wave, no identifiable P waves, QRS complexes 
or T waves and the heart rate is usually more 
than 200 bpm. Ventricular flutter usually 
progresses quickly into ventricular fibrillation. 
Ventricular fibrillation (VF) has a rate of around 
150 to 500 bpm. VF must be terminated imme¬ 
diately with advanced life support. Ventricular 
fibrillation can be caused by post-cardiac 
surgery, congestive heart failure, electrolyte 
imbalance, acute myocardial ischemia, car¬ 
diomyopathy, infarction, hypokalemia, and 
hyperkalemia. 


Rhythm Strip 6.21 Ventricular flutter and fibrillation. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 

































































72 Section III Pediatric Rhythm Strips and Interpretations 


Ventricular Fusion Beat (VFB) 



Rhythm Strip 6.22 Ventricular fusion beat. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 


Fusion beats take place when the supraventricular impulse (P waves) and the ventric¬ 
ular impulse (QRS) occur at the same time. The T waves of ventricular beats are usually 
pointing in the opposite direction of the normal beats; they are in aVF and lead II. 


Rhythm 

Regular 

Rate 

115 bpm 

P waves 

Normal and upright 

PRI 

120 ms 

QRS 

80 ms 

QT/QTc 

320/443 ms 
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First-Degree Atrioventricular Block (AVB) 



Rhythm Strip 6.23 First-degree atrioventricular block. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 


First-degree atrioventricular (AV) block is not a block, but a delay in the conduction 
through the AV node. The PRI is 0.20 sec (or 200 ms) or longer for first-degree AV block. It 
can be <0.20 sec (or <200 ms) depending on age. (See Chapter 7, Table 7.1.) 


Rhythm 

Regular 

Rate 

60 bpm 

P waves 

Normal and upright 

PRI 

250 ms 

QRS 

78 ms 

QT/QTc 

360/360 ms 
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Second-Degree Atrioventricular Block (AVB) Wenckebach Mobitz I 



vs 


Rhythm Strip 6.24 Second-degree atrioventricular block Wenckebach Mobitz I. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 


Second-degree atrioventricular (AV) block Wenckebach Mobitz I is seen when the PRI 
prolongs until no QRS is produced. A Mobitz I block may occur secondary to myocarditis, 
cardiomyopathy, digitalis toxicity or following cardiac surgery. It can be seen in healthy 
athletes. 


Rhythm 

Irregular 

Rate 

60 bpm 

P waves 

Normal and upright 

PRI 

Varies across this strip 

QRS 

92 ms 

QT/QTc 

398/390 ms 
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Second-Degree Atrioventricular Block (AVB) Mobitz II 



Rhythm Strip 6.25 Second-degree atrioventricular block Mobitz II. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 


Second-degree atrioventricular (AV) block Mobitz II is when the PRI is consistent across 
the tracing, but a QRS will be dropped. This rhythm can develop into a hemodynamic com¬ 
promise. This is rare in children. 


Rhythm 

Irregular 

Rate 

100 bpm 

P waves 

Normal and upright 

PRI 

100 ms 

QRS 

78 ms 

QT/QTc 

354/457 ms 
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Rhythm Strip 6.26 Third-degree atrioventricular heart block (complete heart block). 
Rhythm strip provided by Riley Hospital for Children. Used with permission. 

In third-degree atrioventricular (AV) block, the atrial and ventricular impulses function 
independently. Complete heart block is handled by a junctional or ventricular escape rhythm. 
Third-degree heart block is the same as complete heart block (CHB); it can lead to death. 


Rhythm 

Regular 

Rate 

58 bpm 

P waves 

Normal and upright 

PRI 

Unable to determine 

QRS 

90 ms 

QT/QTc 

394/386 ms 
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Long QT Syndrome (LQTS) 



Rhythm Strip 6.27 Long QT syndrome. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 


Physicians usually want to know the QTc. The previous R-R to the measured QT is used 
to calculate the heart rate with the length of the QT. This is called the QTc. Most rhythm 
strips will need the QTc calculated. QT/QTc is usually on the EKGs, however, they are not 
always correct. (Table 7.6 provides an easy calculation for QTc.) 


Rhythm 

Regular 

Rate 

115 bpm 

P waves 

Normal and upright 

PRI 

128 ms 

QRS 

72 ms 

QT/QTc 

380/537 ms 
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Section III Pediatric Rhythm Strips and Interpretations 


Three Interesting Rhythm Strips 



Rhythm Strip 6.28 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 


1. Is the ninth beat in Rhythm Strip 6.28 a PVC? 



Rhythm Strip 6.29 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 


2. Is the seventh beat in Rhythm Strip 6.29 a PVC? 
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Rhythm Strip 6.30 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 


3. Does Rhythm Strip 6.30 have a ventricular origin? 

Answers to the Three Interesting Rhythm Strips 

1. Does the ninth beat come early? Does its T wave point in the opposite direction from 
the T wave of the normal beats? Measure the R-R intervals. Are they regular? This is 
an artifact caused by the patient’s movement. 

2. At quick glance, this seventh beat is more convincing of being a PVC. Does it come 
early? Does its T wave point in the opposite direct of the T wave of the normal beats? 
This artifact was also caused by the patient's movement. 

3. Does this rhythm strip have a ventricular origin? Notice the darkest small marks on 
this strip. This might be hard to see, but it is a good example. The measurement from 
one of the darkest spots to another across the strip is equal. Prior to and after this 
rhythm strip, the tracings had the same R to R measurement and all the beats were 
normal. This was from a scanning of a Holter monitor of a baby being burped. 




























SECTION IV 


EKGs and Interpretations 


• Chapter 7 Pediatric Standards 

• Chapter 8 Normal to Advanced 

EKGs and Interpretations 




CHAPTER 7 


Pediatric Standards 


Tables of Normal Values 
° Table 7.1: PQ (PR) Interval 
° Table 7.2: QRS Duration 
° Table 7.3: R and S Voltages 
° Table 7.4: Q Voltages 
° Table 7.5: R/S Ratios 
° Table 7.6: QT Interval 


Measurement of QT and 
Calculation for QTc 


• Sudden Death From Inherited 
Long QT Syndrome (LQTS) 


Tables of Normal Values 


Table 7.1 

PQ (PR) Interval With Rate and Age (And Limits of Normal) 




Rate 

0-1 mo 

1-6 mo 

6 mo-1 yr 

1-3 yr 

3-8 yr 

8-12 yr 

12-16 yr 

Adult 

<60 






0.16 (0.18) 

0.16 (0.19) 

0.17 (0.21) 

60-80 





0.15 (0.17) 

0.15 (0.17) 

0.15 (0.18) 

0.16 (0.21) 

80-100 

0.10 (0.12) 




0.14 (0.16) 

0.15 (0.16) 

0.15 (0.17) 

0.15 (0.20) 

100-120 

0.10 (0.12) 



(0.15) 

0.13 (0.16) 

0.14 (0.15) 

0.15 (0.16) 

0.15 (0.19) 

120-140 

0.10 (0.11) 

0.11 (0.14) 

0.11 (0.14) 

0.12 (0.14) 

0.13 (0.15) 

0.14 (0.15) 


0.15 (0.18) 

140-160 

0.09 (0.11) 

0.10 (0.13) 

0.11 (0.13) 

0.11 (0.14) 

0.12 (0.14) 



(0.17) 

160-180 

0.10 (0.11) 

0.10 (0.12) 

0.10 (0.12) 

0.10 (0.12) 





>180 

0.09 

0.09 (0.11) 

0.10 (0.11) 







Source: Guntheroth (1965). Used with permission. 
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Table 7.2 

QRS Duration: Average (And Upper Limits) for Age 






0-1 mo 1-6 mo 6 mo-1 yr 1-3 yr 

3-8 yr 

8-12 yr 

12-16 yr 

Adult 

Seconds 

0.05 (0.065) 0.05 (0.07) 0.05 (0.07) 0.06 (0.07) 

0.07 (0.08) 

0.07 (0.09) 

0.07 (0.10) 

0.08 (0.10) 


Source: Guntheroth (1965). Used with permission. 


Table 7.3 

R Voltages According to Lead and Age: Mean (And Upper Limits)* 



Lead 

0-1 mo 

1-6 mo 

6 mo-1 yr 

1-3 yr 

3-8 yr 

8-12 yr 

12-16 yr 

Young Adult 

I 

4(8) 

7 (13) 

8(16) 

8(16) 

7(15) 

7(15) 

6 (13) 

6(13) 

II 

6(14) 

13 (24) 

13 (27) 

13 (23) 

13 (22) 

14 (24) 

14 (24) 

9 (25) 

III 

8(16) 

9 (20) 

9 (20) 

9 (20) 

9 (20) 

9 (24) 

9 (24) 

6 (22) 

aVR 

3(7) 

3(6) 

3(6) 

2(6) 

2(5) 

2(4) 

2(4) 

1 (4) 

aVL 

2(7) 

4(8) 

5(10) 

5(10) 

3 (10) 

3 (10) 

3 (12) 

3(9) 

aVF 

7 (14) 

10 (20) 

10 (16) 

8 (20) 

10 (19) 

10 (20) 

11 (21) 

5 (23) 

V4R 

6(12) 

5(10) 

4(8) 

4(8) 

3(8) 

3(7) 

3(7) 


VI 

15 (25) 

11(20) 

10 (20) 

9 (18) 

7 (18) 

6(16) 

5(16) 

3 (14) 

V2 

21 (30) 

21 (30) 

19 (28) 

16 (25) 

13 (28) 

10 (22) 

9 (19) 

6(21) 

V5 

12 (30) 

17 (30) 

18 (30) 

19 (36) 

21 (36) 

22 (36) 

18 (33) 

12 (33) 

V6 

6(21) 

10 (20) 

13 (20) 

12 (24) 

14 (24) 

14 (24) 

14 (22) 

10 (21) 

S Voltages According to Lead and Age: Mean (And Upper Limits)* 

Lead 

0-1 mo 

1-6 mo 

6 mo-1 yr 

1-3 yr 

3-8 yr 

8-12 yr 

12-16 yr 

Young Adult 

I 

5(10) 

4(9) 

4(9) 

3(8) 

2(8) 

2(8) 

2(8) 

1 (6) 

V4R 

4(9) 

4 (12) 

5(12) 

5(12) 

5(14) 

6 (20) 

6 (20) 


VI 

10 (20) 

7 (18) 

8(16) 

13 (27) 

14 (30) 

16 (26) 

15 (24) 

10 (23) 

V2 

20 (35) 

16 (30) 

17 (30) 

21 (34) 

23 (38) 

23 (38) 

23 (48) 

14 (36) 

V5 

9 (30) 

9 (26) 

8 (20) 

6 (16) 

5(14) 

5(17) 

5(16) 


V6 

4 (12) 

2(7) 

2(6) 

2(6) 

1 (5) 

1 (4) 

1 (5) 

1 (13) 


*Voltages are measured in millimeters, when 1 mV = 10 mm paper. 
Source: Guntheroth (1965). Used with permission. 
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Q Voltage According to Lead and Age: 

Mean (And Upper Limits)* 


Lead 

0 -1 mo 

1-6 mo 

6 mo-1 yr 

1-3 yr 

3-8 yr 

8-12 yr 

12-16 yr 

Adult 

III 

2(5) 

3(8) 

3(8) 

3(8) 

1.5(6) 

1 (5) 

1 (4) 

0.5 (4) 

aVF 

2(4) 

2(5) 

2(6) 

1.5(5) 

1 (5) 

1 (3) 

1 (3) 

0.5 (2) 

V5 

1.5(5) 

1.5(4) 

2(5) 

2(6) 

2(6) 

2 (4.5) 

1 (4) 

0.5 (3.5) 

V6 

1.5(4) 

1.5(4) 

2(5) 

2 (4.5) 

1.5 (4.5) 

1.5(4) 

1 (2.5) 

0.5 (3) 


*Voltages measured in millimeters, when 1 mV = 10 mm paper. 
Source: Guntheroth (1965). Used with permission. 



R/S Ratio According to Age: Mean, Lower, and Upper Limits of Normal 


Lead 

0-1 mo 

1-6 mo 

6 mo-1 yr 

1-3 yr 

3-8 yr 

8-12 yr 

12-16 yr 

Adult 

LLN* 

0.5 

0.3 

0.3 

0.5 

0.1 

0.15 

0.1 

0 

VI Mean 

1.5 

1.5 

1.2 

0.8 

0.65 

0.5 

0.3 

0.3 

ULN** 

19 

S = 0 

6 

4 

2 

1 

1 

1 

LLN 

0.3 

0.3 

0.3 

0.3 

0.05 

0.1 

0.1 

0.1 

V2 Mean 

1 

1.2 

1 

0.8 

0.5 

0.5 

0.5 

0.2 

ULN 

3 

4 

4 

1.5 

1.5 

1.2 

1.2 

2.5 

LLN 

0.1 

1.5 

2 

3 

2.5 

4 

2.5 

2.5 

V6 Mean 

2 

4 

6 

20 

20 

20 

10 

9 

ULN 

GO 

II 

O 

o 

II 

tn 

o 

II 

00 

GO 

II 

O 

S = 0 

GO 

II 

O 

S = 0 

S = 0 


*Lower limits of normal. 

**Upper limits of normal. 

Source: Guntheroth (1965). Used with permission. 
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Table 7.6 

Cycle Length, Heart Rate, and Q-T Interval Average (And Upper Limits) 

Cycle Length 
(sec) 

Heart Rate 
(per min) 

Average QT 
(Upper Limit) 
(sec) 

Cycle Length 
(sec) 

Heart Rate 
(per min) 

Average QT 
(Upper Limit) 
(sec) 

1.50 

40 

0.45 (0.49) 

0.85 

79 

0.36 (0.38) 

1.40 

43 

0.44 (0.48) 

0.80 

75 

0.35 (0.38) 

1.30 

46 

0.43 (0.47) 

0.75 

80 

0.34 (0.37) 

1.25 

48 

0.42 (0.46) 

0.70 

86 

0.33 (0.36) 

1.20 

50 

0.41 (0.45) 

0.65 

92 

0.32 (0.35) 

1.15 

52 

0.41 (0.45) 

0.60 

100 

0.31 (0.34) 

1.10 

55 

0.40 (0.44) 

0.55 

109 

0.30 (.033) 

1.05 

57 

0.39 (0.43) 

0.50 

120 

0.28 (0.31) 

1.00 

60 

0.39 (0.42) 

0.45 

133 

0.27 (0.29) 

0.95 

63 

0.38 (0.41) 

0.40 

150 

0.25 (0.28) 

0.90 

67 

0.37 (0.40) 

0.35 

172 

0.23 (0.26) 


Source: Guntheroth (1965). Used with permission. 
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Measurement of QT and Calculation for QTc 

EKGs usually have the QT/QTc on them. Most rhythm strips do not have this feature. If the 
QT/QTc is not given, then use this calculation: 

1. Measure from the start of the Q wave to the end of the T wave. 

2. Enter this measurement into the calculator. 

3. Push down on the divide icon. 

4. Measure the previous R to R and enter this measurement in the calculator. 

5. Push down on the square root icon. 

6 . Last step is to push down on the equal icon; this is the QTc answer. 

Example: (QT is 0.400 second; R-R is 0.800 second). Enter .400 into the calculator, then 
push down on the divide icon. Next enter 0.800 into the calculator followed by pushing 
down on the square root icon. The last step is to push down on the equal icon. The answer 
is 0.447 and can be rounded off to 0.450 second. QT/QTc equals 400/450 ms. 

If the T wave has an extra wave appearance, draw a line from the peak of the T wave 
to the isoelectric line. You may draw on the isoelectric line as shown. Where the two lines 
meet is the end of the T wave. 



This intersection is illustrating the end of the T wave. 


88 Section IV EKGs and Interpretations 


Sudden Death From Inherited Long QT Syndrome (LQTS) 

What is this? It is a disturbance of the heart’s electrical system caused by abnormalities 
of the microscopic pores in the heart cells. These are called ion channels. Sodium, potas¬ 
sium, chloride, and calcium go back and forth across the membranes of the cells of the 
heart. These ion channels generate the electrical activity of the heart, which is the depo¬ 
larization and repolarization of the heart cells. This action creates and controls the heart’s 
beating. The inherited LQTS is affected by sodium and potassium ion channels. The LQTS 
is caused by the abnormal channels that prolong the repolarization and is seen with a pro¬ 
longed QT on the EKG. 

The QT is measured from the beginning of the Q wave to the end of the T wave. The 
heart rate is calculated with the QT and this is the QTc. The QTc is what most physicians 
use to evaluate their patient for LQTS. 

Sudden death from inherited LQTS continues to claim the lives of infants, children, 
adolescents, and adults who initially appeared to be healthy individuals. Family members 
of those who had unexplained deaths should be tested for LQTS and other genetic arrhyth¬ 
mias. This is a treatable disorder; with correct diagnosis and treatment most deaths can be 
prevented. Around half of the patients who have LQTS never experience any symptoms. 
Those who do will usually experience syncope. 

Please refer to more information about long QT syndrome on pages 38 and 152. There is 
an EKG with a long QT/QTc measurement of a 15-year-old on page 151. 

REFERENCE 

Guntheroth, W. G. (1965). Pediatric electrocardiography: Normal and abnormal patterns, 
incorporating the vector approach. Philadelphia, PA: W.B. Saunders. 


CHAPTER 8 


Normal to 

Advanced EKGs and 
Interpretations 


The paper speed is 25 mm/sec on all EKGs presented in this chapter. EKGs were done 
using the pediatric placement of electrodes and wires. An interpretation appears on the 
page following each EKG. The titles of the EKGs and EKG interpretations are empha¬ 
sizing a particular abnormality; however, other abnormalities of the EKG may be pres¬ 
ent and not addressed. Challenge yourself and also interpret those abnormalities not 
mentioned. Interpretation of the arrhythmias is not an exact science and the more com¬ 
plicated tracings do create some differences of opinions. 


• Normal Sinus Rhythm 

• Sinus Arrhythmia (SA) 

• Sinus Bradycardia (SB) 

• Sinus Tachycardia (ST) 

• Wandering Atrial Pacemaker (WAP) 

• Premature Atrial Complexes (PACs) 

• Supraventricular Tachycardia (SVT) 

• SVT Pre-Adenosine 

• Post-Adenosine 

• Junctional Escape Rhythm (JER) 

• Accelerated Junctional Rhythm (AJR) 
Preceding SB 

• Junctional Tachycardia (JT) 

• Junctional Ectopic Tachycardia (JET) 

• Permanent Form of Junctional 
Reciprocating Tachycardia (PJRT) 

• Atrial Flutter (AFL) With 2:1 
Atrioventricular (AV) Conduction 

• AFL With 4:1 and 6:1 AV Conduction 

• Atrial Flutter/Fibrillation (AFL/AF) 

• Atrial Tachycardia With 2:1 AV 
Conduction 

• First-Degree AV Block 

• Second-Degree AV Block Mobitz I 

• Second-Degree AV Block Mobitz II 

• Third-Degree AV Block 

• Premature Ventricular Complexes/ 
Contractions (PVCs) 

• PVCs as Ventricular Couplets 

• Ventricular Tachycardia (VT) 

• Wide QRS Tachycardia 

• Possible Ventricular Fibrillation (VF) 
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• Ventricular Fusion Beat (VFB) 

• Hyperkalemia 

• Hypokalemia 

• Long QT Syndrome (LOTS) 

• T Wave Inversion 

• Left Axis Deviation (LAD) 

• Right Axis Deviation (RAD) 

• Left Ventricular Hypertrophy (LVH) 

• Right Ventricular Hypertrophy (RVH) 

• RVH and Intraventricular Conduction 
Delay (IVCD) 

• Biventricular Hypertrophy (BVH) 

• Left Atrial Enlargement (LAE) 

• Right Atrial Enlargement (RAE) 

• Biatrial Enlargement (BAE) 

• Wolff-Parkinson-White (WPW) 
Syndrome 

• Lown-Ganong-Levine (LGL) Syndrome 

• Left Bundle Branch Block (LBBB) 

• Right Bundle Branch Block (RBBB) 

• Dextrocardia 

• Deep Q Waves 

• Heart Transplant 

• Junctional Rhythm (JR), LAD, and RBBB 

• Sinus Tachycardia (ST), LAD, 
and Possible RBBB 




EKG 8.1 Normal sinus rhythm. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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Normal Sinus Rhythm 
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Normal Sinus Rhythm Interpretation 

Pediatric EKG analysis of a 19-month-old 
Normal sinus rhythm 
Normal EKG 


Rhythm 

Regular (slight variation of the R to R is normal in children) 

Rate 

118 bpm (child is 19 months old) 

P waves 

Normal and upright 

PRI 

122 ms 

QRS 

76 ms 

QT/QTc 

300/420 ms 


Chapter 4 describes the heart beat components with explanations and measurement 
of normal values, normal pediatric heart beats, determining heart rate, and other aspects 
important for interpretation of arrhythmias and EKGs. 
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Sinus Arrhythmia (SA) 
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SA Interpretation 

Pediatric EKG analysis of a 9-year-old 
Sinus arrhythmia 
Normal EKG 


Rhythm 

Irregular 

Rate 

60 bpm 

P waves 

Normal and upright 

PRI 

144 ms 

QRS 

72 ms 

QT/QTc 

400/413 ms 


Sinus arrhythmia is a normal finding in children. In a normal-functioning cardiac 
conduction system, the heart rate increases with inspiration and decreases with expiration. 
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Sinus Bradycardia (SB) 








































96 Section IV EKGs and Interpretations 


SB Interpretation 

Pediatric EKG analysis of a 9-year-old 
Sinus bradycardia 


Rhythm 

Irregular 

Rate 

50 bpm 

P waves 

Normal and upright 

PRI 

138 ms 

QRS 

90 ms 

QT/QTc 

476/434 ms 


Sinus bradycardia is defined as a normal sinus rhythm with heart rates slower than normal 
for age. (The normal pediatric heart rates are given in Chapter 4.) Sinus bradycardia may 
be induced by sleeping, increased vagal tone, hypothyroidism, hypoxia, increased intra¬ 
cranial pressure, or drugs such as beta blockers or with digitalis toxicity. Sinus bradycardia 
is a normal finding in well-trained individuals, such as endurance athletes. 
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Sinus Tachycardia (ST) 



EKG 8.4 Sinus tachycardia. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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ST Interpretation 

Pediatric EKG analysis of a 2-year-old 
Sinus tachycardia 
Otherwise normal EKG 


Rhythm 

Regular 

Rate 

247 bpm 

P waves 

Normal and upright 

PRI 

88 ms 

QRS 

162 ms 

QT/QTc 

180/365 


Sinus tachycardia is defined as normal sinus rhythm with heart rates faster than normal 
for age. (The normal pediatric heart rates are given in Chapter 4.) Sinus tachycardia may 
occur with pulmonary embolism, asthma, hypoxia, infection, fever, shock, hyperthyroidism, 
bleeding, heart failure, anxiety, Kawasaki disease, pain, and dehydration. Sinus tachycar¬ 
dia is usually accompanied by symptoms of palpitations, fatigue, and exercise intolerance. 
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Wandering Atrial Pacemaker (WAP) 
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WAP Interpretation 

Pediatric EKG analysis of a 3-year-old 
WAP 

Indeterminate axis 


Rhythm 

Irregular 

Rate 

90 bpm 

P waves 

Inverted with WAP; normal beats are upright with normal 

PRI 

120 ms 

QRS 

74 ms 

QT/QTc 

330/399 ms 


This benign dysrhythmia is characterized by beat-to-beat changes in P waves mor¬ 
phology with normal QRS complexes. WAP occurs when the natural cardiac pacemaker 
site shifts between the SA node, atria, and or the AV node. This can happen in healthy 
children and no treatment is indicated if heart rates are adequate. 
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Premature Atrial Complexes (PACs) 
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PACs Interpretation 

Pediatric EKG analysis of a 4-year-old 
PACs 

PAC (supraventricular ectopic [SVE]) couplets. 


Rhythm 

Irregular 

Rate 

100 bpm 

P waves 

Normal and upright (sinus); inverted (PACs) 

PRI 

108 ms 

QRS 

74 ms 

QT/QTc 

360/465 


This dysrhythmia is characterized by premature QRS complexes preceded by early 
P waves and sometimes distorted T waves. PACs may be seen after cardiac surgery and 
with digitalis toxicity. In addition, PACs are also referred to as SVEs. This may be seen in 
healthy newborns and children. 
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SVT Interpretation 

EKG analysis of a 2-year-old 
Sinus rhythm precedes SVT 



SVT 

Sinus 

Rhythm 

Regular 

Regular 

Rate 

250 bpm 

83 bpm 

P waves 

Not visible 

Normal and upright 

PRI 

Unable to determine 

120 ms 

QRS 

80 ms 

80 ms 

QT/QTc 

338/423 ms 

(Use sinus rhythm for calculating QTc.) 


The P waves if seen are noticed in the T wave. SVT consists of a rapid heart rate with a 
narrow (normal) complex QRS. SVT heart rate is usually 190 to 350 bpm for infants and 150 
to 250 bpm for children, and >100 bpm for older ages. 




Chapter 8 Normal to Advanced EKGs and Interpretations 105 


SVT Pre-Adenosine 


EKG 8.8 SVT Pre-Adenosine. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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SVT Pre-Adenosine Interpretation 

Pediatric EKG analysis of a 3-week-old 

Narrow complex tachycardia, consistent with SVT 


Rhythm 

Regular 

Rate 

307 bpm 

P waves 

Not visible 

PRI 

Unable to determine 

QRS 

42 ms 

QT/QTc 

120/226 ms 


Make sure to do an EKG on a patient with SVT prior to the administering of adenosine 
(or other drugs or procedures used to return the rhythm back to normal). Physicians need 
this preadenosine EKG documentation. Make sure that it is saved to a computer memory 
card in the EKG machine for retrieval at a later date. 
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Post-Adenosine 



EKG 8.9 Post-Adenosine. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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Post-Adenosine Interpretation 

Pediatric EKG analysis of the same 3-week-old 

Sinus rhythm; diffused T-wave abnormalities (likely postshock effect) 
Consider right ventricular hypertrophy (RVH) 


Rhythm 

Regular 

Rate 

112 bpm 

P waves 

Normal and upright 

PRI 

114 ms 

QRS 

60 ms 

QT/QTc 

320/437 ms 


This 3-week-old patient was given adenosine to bring the abnormally fast heart rate to 
a normal rate and back to a normal rhythm. Document the post-adenosine EKG and save 
to the computer memory card in the EKG machine. The post-adenosine EKG (or other drug 
therapy or procedure) needs to be documented in the computerized digital EKG machine, 
which provides easy and quick retrieval. 
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Junctional Escape Rhythm (JER) 
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JER Interpretation 

EKG analysis of a 10-year-old 

Junctional escape beats are seen as fourth, fifth, and sixth beats on the lead II rhythm strip 
at the bottom of this EKG. 

Right axis deviation (RAD) 

This EKG comes from a patient who was having a treadmill test. The fourth and fifth beats 
have no visible P waves, and the sixth beat has a shorter than normal PR interval (PRI), a 
narrow QRS, and heart rate in 60 sec. 


Rhythm 

Irregular 

Rate 

80 bpm (6-sec rhythm strip); 65 bpm (JER) 

P waves 

Normal and upright (sinus); not visible (JER) 

PRI 

130 ms (sinus); 110 ms (JER) 

QRS 

90 ms 

QT/QTc 

360/436 ms 


Junctional escape beats have a narrow QRS, no P waves visible, shorter PRI, or a 
P waves located after the R wave. The rate is usually 40 to 60 bpm. It can be seen with 
some conditions, such as a second-degree AV Mobitz I or Mobitz II block, a third-degree 
AV block, hyperkalemia, and toxicity from some medicines, such as digoxin, calcium 
channel blockers, and beta blockers. 
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Accelerated Junctional Rhythm (AJR) Preceding SB 



EKG 8.11 Accelerated junctional rhythm (AJR) preceding sinus bradycardia. 
Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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AJR Preceding SB Interpretation 

EKG analysis of a 17-year-old 
AJR and sinus bradycardia 
Intraventricular conduction delay (IVCD) 
Mild right axis deviation (RAD) 

First-degree AV block 

Possible left atrial enlargement (LAE) 



AJR 

Bradycardia 

Rhythm 

Regular 

Regular 

Rates 

94 bpm 

54 bpm 

P waves 

Not visible 

Wide P waves 

PRI 

Unable to determine 

220 ms 

QRS 

144 ms 


QT/QTc 

458/425 ms 



AJR takes place when the AV junctional pacemaker rate exceeds the rate of the sinus 
node. AJR ranges from 60 to 100 bpm. AJR can be associated with myocarditis, ischemia, 
cardiac surgery, digoxin toxicity, and beta blockers. Treatment depends on the heart rate. 
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Junctional Tachycardia (JT) 


EKG 8.12 Junctional tachycardia (JT). 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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JT Interpretation 

Pediatric EKG analysis of a 1-week-old 
JT 

Possible right ventricular hypertrophy (RVH) 
Right axis deviation (RAD) 


Rhythm 

Regular 

Rate 

150 bpm 

P waves 

Not visible 

PRI 

Unable to determine 

QRS 

64 ms 

QT/QTc 

254/401 ms 


The P waves are not visible in this EKG, the QRS is narrow, and the heart rate is 
>100 bpm. JT takes place when the electrical activity comes from or near the AV node not 
the sinoatrial node and the heart rate is more than 100 bpm. The QRS is usually narrow 
since the normal conduction system from the atria to ventricles uses the bundle of His. 





EKG 8.13 Junctional ectopic tachycardia (JET). 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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JET Interpretation 

Pediatric EKG analysis of 1-week-old 
JET 

Otherwise normal EKG 


Rhythm 

Regular 

Rate 

140 bpm 

P waves 

Not always seen 

PRI 

Unable to determine 

QRS 

48 ms 

QT/QTc 

240/366 ms 


The EKG provides the quickest test to detect junctional ectopic tachycardia (JET). JET 
is well named; it gets its name from the problem it causes. It may also be called the His 
bundle tachycardia. JET has a narrow QRS, AV dissociation, a swift heart rate, and a shorter 
than normal PRI when the P waves are seen before the QRS (the P waves can be inverted 
or upright). Notify the doctor when a JET tracing is seen; usually, noticed after surgeries for 
cardiac defects. The injury to the AV node during surgery may be the reason for the occur¬ 
rence of JET post-surgery. Congenital JET may have more of a subtle course before conges¬ 
tive heart failure and cardiomegaly appears. JET can last 6 to 36 hours or longer. JET can 
for some, have results of low blood pressure, low cardiac output and rapid hemodynamic 
changes. This rare type of SVT originating near or in the AV node is a serious condition. JET 
can be life-threatening. The drugs that are tried to stop JET are amiodarone, propafenone, 
flecainide, and digoxin. The most effective medication has been amiodarone ; it has been 
more effective for both congenital and post cardiac surgery JET. Propafenone is used more 
often in neonates. Adenosine is used for JET only to detect the underlying rhythm. Valsalva 
maneuvers such as bearing down or placing ice or cold water on the face for a few minutes 
are only a few attempts to stop JET, but usually succeed only temporarily. JET does not 
respond to synchronized cardioversion. If the Valsalva maneuvers or the medications do not 
give the patient any or much relief from the symptoms, an electrophysiology study followed 
by a catheter ablation may be successful in terminating the JET. 
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Permanent Form of Junctional Reciprocating Tachycardia (PJRT) 
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PJRT Interpretation 

Pediatric EKG analysis of a 5-year-old 
PJRT 

Otherwise normal EKG 


Rhythm 

Regular 

Rate 

164 bpm 

P waves 

Inverted 

PRI 

134 ms 

QRS 

70 ms 

QT/QTc 

260/373 ms 


PJRT is an uncommon form of reentrant SVT. It is rarely seen in children and adults. 
PJRT heart rates are 120 to 250 bpm. PJRT is usually incessant and this can lead to tachy¬ 
cardia-induced cardiomyopathy and congestive heart failure. A narrow complex tachycar¬ 
dia is seen with P waves that are negative in leads II, III, aVF, V5, and V6. This EKG also has 
negative P waves in leads I and V4. Because the RP interval is longer than the PRI; PJRT 
can be referred to as a longRP tachycardia. Drugs are usually not successful in eliminating 
PJRT. Catheter ablation may be more successful in terminating PJRT. 










120 Section IV EKGs and Interpretations 


AFL With 2:1 AV Conduction Interpretation 

Pediatric EKG analysis of a 3-year-old 
Atrial flutter with 2:1 AV conduction 


Rhythm 

Regular 

Rate 

Flutter rate 333 bpm; 166 bpm (R to R ventricular rate) 

P waves 

Flutter/P waves 

PRI 

Cannot determine 

QRS 

80 ms 

QT/QTc 

Cannot determine 


Atrial flutter is an abnormality of the beating of the heart. Each beat has two contrac¬ 
tions: The first one is in the atria and the second contraction is in the ventricles. This EKG 
is an example of atrial flutter with a 2:1 AV conduction, which results in a regular rhythm 
across this tracing. Atrial flutter will usually be 220 to 300 bpm. 
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AFL With 4:1 and 6:1 AV Conduction 
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AFL With 4:1 and 6:1 AV Conduction Interpretation 


Pediatric EKG analysis of a 17-year-old 
Atrial flutter with 4:1 and 6:1 AV conduction 
Abnormal EKG 


Rhythm 

Regular (aFL); irregular (R-R) 

Rate 

300 bpm atrial rate; 60 bpm ventricular rate (6-second strip) 

P waves 

Flutter/P waves 

PRI 

Unable to determine 

QRS 

100 ms 

QT/QTc 

Cannot determine 


Atrial flutter is a type of atrial tachycardia characterized by sawtooth waves. It can be 
associated with previous surgery involving the atria, such as a Fontan operation, Mustard 
procedure, atrial septal defect (ASD) repair; a dilated or hypertrophied atria; and myocarditis. 
Atrial flutter can be 220 to 300 bpm. Measure P to P for the atrial rate and also measure the 
sinus rate R to R. In this irregular rhythm EKG caused by the varying AV conduction, measure 
the rate by using a 6-sec strip. Count the R waves in this 6-sec strip and multiply that by 10. 

Look at tracings of atrial flutter with 2:1 AV conduction and this one that has a 4:1 and 
6:1 AV conduction. Where did the P waves go? They are on the tracings and usually are 
not recognized. They are inverted, which produces a dip in the atrial flutter tracings, and 
have a regular pattern. Each one of these dips or inversions is referred to more often as 
flutter or F waves and are sometimes called by their morphology as sawtooth waves. Some 
of these inverted waves are hidden by the conduction of the QRS. These F waves are going 
at approximately 300 bpm. It is a good thing that the AV node did not conduct each one, 
because if the ventricular rate was that fast the ventricles would not be able to fill. The 
heart would be pumping almost nothing, which is definitely not good. When the electrical 
action of the depolarization reaches the myocardial cells, it causes them to contract; thus, 
the electrical/pumping relationship. When the repolarization action occurs, it causes the 
cells to relax. The safety mechanism of the AV node is its refractory period. 

Why do the F waves always have a regular rhythm while QRS complexes do not? If 
there is a varying AV conduction (randomly changing between 2:1, 3:1, 4:1, and 6:1 or any 
combination of patterns), the R to R will be irregular across the tracing illustrating an irreg¬ 
ular ventricular rhythm. 





Atrial Flutter/Fibrillation (AFL/AF) 
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AFL/AF Interpretation 

Pediatric EKG analysis of a 16-year-old 
Irregularly irregular rhythm 

P waves are not well seen; suggests atrial flutter/ fibrillation 

Some wide complexes are probably supraventricular with aberrancy, but a ventricular ori¬ 
gin cannot be excluded 


Rhythm 

Irregular 

Rate 

500 bpm atrial rate: P-P; 200 bpm ventricular rate: R-R 

P waves 

Unable to determine 

PRI 

Unable to determine 

QRS 

100 ms (variable) 

QT/QTc 

Unable to determine 


Atrial fibrillation is characterized by an extremely fast atrial rate of 350 to 600 bpm with 
normal QRS complexes. Can be associated with previous atrial surgeries, dilated or hyper¬ 
trophied atria, myocarditis, hypoxia, pericarditis, electrolyte imbalance, hypertension, and 
hyperthyroidism. 
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Atrial Tachycardia With 2:1 AV Conduction 


EKG 8.18 Atrial tachycardia with 2:1 AV conduction. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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Atrial Tachycardia With 2:1 AV Conduction Interpretation 

Pediatric EKG analysis of a 19-year-old 
Probable atrial tachycardia with 2:1 AV conduction 
Right axis deviation (RAD) 

Right ventricular hypertrophy (RVH) 


Rhythm 

Regular 

Rate 

250 bpm (atrial); 80 bpm (sinus) 

P waves 

Flutter/P waves 

PRI 

Unable to determine 

QRS 

128 ms 

QT/QTc 

380/454 ms 


The atrial rate of this EKG is 250 bpm; an atrial tachycardia rate is usually between 
150 and 250 bpm. Atrial tachycardia occurs more often in children and adults with con¬ 
genital heart disease. Many times, it is noticed after surgery for repair or correction of the 
congenital heart disease. 
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First-Degree AV Block Interpretation 

Pediatric EKG analysis of a 11-year-old 
Normal sinus rhythm with a first-degree AV block 
Otherwise normal EKG 


Rhythm 

Regular 

Rate 

60 bpm 

P waves 

Normal and upright 

PRI 

250 ms (first-degree AV block has PRI 0.20 sec or more; PRI can be less 
depending on age (Table 7.1) 

QRS 

78 ms 

QT/QTc 

360/360 ms 


First-degree AV block is defined as a PRI that is prolonged. It occurs when there is 
a delay or interruption of current through the AV node. First-degree AV block may be 
associated with rheumatic fever, Lyme disease, hyperkalemia, hypokalemia, and some 
cardiac drugs. It can also be associated with congenital heart disease such as a patent 
ductus arteriosus (PDA), ASD, Ebstein’s anomaly, and L transposition of the great arteries 
(L-TGA). Occasionally, this block may be seen in healthy children. 





EKG 8.20 Second-degree AV block Mobitz I. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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Second-Degree AV Block Mobitz I Interpretation 

Pediatric EKG analysis of a 17-year-old 

Sinus rhythm with second-degree AV block Mobitz I 


Rhythm 

Irregular 

Rate 

60 bpm 

P waves 

Normal and upright 

PRI 

‘Varies across this strip 

QRS 

92 ms 

QT/QTc 

398/390 ms 


A Mobitz type I block occurs when the *PRI is progressively prolonged until a ventric¬ 
ular beat is dropped. The block occurs at the level of the AV node and usually does not 
progress to a complete heart block. A Mobitz type I block may occur secondary to myocar¬ 
ditis, cardiomyopathy, digitalis toxicity, or following cardiac surgery. It can also be seen in 
healthy athletic individuals. 
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Second-Degree AY Block Mobitz II 



EKG 8.21 Second-degree AV block Mobitz II. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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Second-Degree AV Block Mobitz II Interpretation 

Pediatric EKG analysis of a 9-month-old 

Sinus rhythm with second-degree AV block Mobitz II 


Rhythm 

Irregular 

Rate 

100 bpm 

P waves 

Normal and upright 

PRI 

100 ms 

QRS 

78 ms 

QT/QTc 

354/457 ms 


A Mobitz type II block consists of a PR interval that remains constant with dropped 
ventricular beats. This block occurs at the level of the bundle of His. It is important to 
realize that this block is more severe than a Mobitz type I. Mobitz type II can progress to 
a third-degree AV block (complete heart block), hemodynamic compromise, bradycardia, 
and risk of asystole. It can be associated with anterior MI, inflammatory conditions (rheu¬ 
matic fever, myocarditis, lyme disease). Other associations are cardiac surgeries (mitral 
valve replacement), hyperkalemia, and medicines: amiodarone, digoxin, beta blockers and 
calcium channel blockers. Second-Degree AV Block Mobitz II is rare in children. 
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Third-Degree AV Block 
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Third-Degree AV Block Interpretation 

Pediatric EKG analysis of a 17-year-old 
Third-degree AV block (complete AV block) 
Otherwise normal EKG 


Rhythm 

Regular 

Rate 

58 bpm 

P waves 

Normal and upright 

PRI 

Varies; unable to determine 

QRS 

90 ms 

QT/QTc 

394/386 ms 


Third-degree AV block (CHB) occurs when the atria and ventricles are functioning 
independently of one another; this is a true complete heart block. Third-degree AV block 
may be congenital, as in maternal systemic lupus erythematosus and corrected TGA, or 
acquired, as in myocarditis. It may also occur following cardiac surgery. Patients who 
have third-degree AV block may suffer ventricular standstill leading to syncope or cardiac 
arrest. Patients must be admitted to a hospital immediately for cardiac monitoring, back 
up pacing, and usually an insertion of a permanent pacemaker. 
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PVCs Interpretation 

Pediatric EKG analysis of a 9-year-old 

Sinus rhythm with frequent ventricular complexes (some are in a bigeminal pattern and 
others are in a trigeminal pattern) 

This EKG has bigeminal and trigeminal pattern of premature ventricular contractions 
(PVCs). (Look at the chart in Chapter 4 for PVC frequency events.) 


Rhythm 

Irregular 

Rate 

110 bpm (use a 6-sec strip for measurement) 

P waves 

Normal and upright 

PRI 

136 ms 

QRS 

66 ms 

QT/QTc 

336/454 ms 


This dysrhythmia is characterized by a premature, wide QRS complex followed by a 
T wave that points in the opposite direction of the normal beat. PVCs may occur with car¬ 
diomyopathy, myocarditis, cardiac tumors, caffeine, amphetamines, and digitalis toxicity. 
When abnormal beats appear on the completed EKG, switch the setting on the machine to 
a rhythm strip. Run six pages of a rhythm strip (each page is 10 sec; so six pages gives the 
doctor 1 minute of tracing). Most doctors prefer leads II, VI, and V5. These PVCs may occur 
in healthy children with normal cardiac conduction systems. 
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PVCs as Ventricular Couplets 


EKG 8.24 Premature ventricular complexes (PVCs) as ventricular couplets. 
Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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PVCs as Ventricular Couplets Interpretation 

Pediatric EKG analysis of a 11-year-old 

Sinus rhythm with frequent premature ventricular complexes and occasional couplets in a 
bigeminal pattern 


Rhythm 

Irregular 

Rate 

80 bpm (use a 6-sec strip to measure) 

P waves 

Normal and upright 

PRI 

148 ms 

QRS 

74 ms 

QT/QTc 

394/462 ms 


Two PVCs in a row are called a ventricular couplet. Many times, there is a compensa¬ 
tory pause after the second premature beat; that is seen in this EKG. Each of these beats 
has a wide QRS complex followed by a T wave that points in the opposite direction of the 
patient’s normal beat. This EKG has uniform (look the same) ventricular couplets; they also 
are in a bigeminal pattern. 
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Ventricular Tachycardia (VT) 


EKG 8.25 Ventricular tachycardia (VT). 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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VT Interpretation 

Pediatric EKG analysis of a 4-year-old 

This EKG shows a sinus rhythm with frequent uniform ventricular complexes as isolated 
beats and runs of VT at 160 bpm. The morphology of PVCs is normal axis left bundle branch 
block (LBBB). The morphology of PVCs may give site of origin. Otherwise this is a normal 
EKG. When patient was running in place the rhythm returned to sinus tachycardia. 


Rhythm 

Irregular 

Rate 

120 bpm (used 6-sec strip) 

P waves 

Normal and upright 

PRI 

114 ms 

QRS 

74 ms 

QT/QTc 

Cannot determine when there are not two normal beats together. 


VT occurs when three or more PVCs occur together with a heart rate of >100bpm. This 
EKG has a 10 beat run of uniform VT at 160 bpm. If VT prolongs for a long period, it can 
result in low cardiac output, low blood pressure, syncope, and ventricular fibrillation (VF). 
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Wide QRS Tachycardia 



EKG 8.26 Wide QRS tachycardia. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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Wide QRS Tachycardia Interpretation 

Pediatric EKG analysis of a 17-year-old 
Wide QRS tachycardia 
Abnormal EKG 


Rhythm 

Regular 

Rate 

258 bpm 

P waves 

Unable to determine 

PRI 

Unable to determine 

QRS 

100 ms 

QT/QTc 

Unable to determine 


This EKG may be supraventricular with aberrancy. But this should be considered ven¬ 
tricular unless proven otherwise. Always report immediately a possible dangerous rhythm 
to the doctor in charge of the patient. 
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Possible Ventricular Fibrillation (VF) 



EKG 8.27 Possible ventricular fibrillation. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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Possible VF Interpretation 

Pediatric EKG analysis of a 2-month-old 
Wide complex tachycardia 
AV dissociation 
Possible ventricular fibrillation 


Rhythm 

Irregular 

Rate 

150 bpm (use a 6-sec strip) 

P waves 

Unable to determine 

PRI 

Unable to determine 

QRS 

Unable to determine 

QT/QTc 

Unable to determine 


Ventricular fibrillation (VF) is characterized by a rapid irregular heart rate and bizarre 
QRS complexes that frequently change in morphology. The heart rate is usually 150 to 
500 bpm. VF can be seen in patients suffering from hypoxia, myocarditis, cardiac isch¬ 
emia, hyperkalemia, or hypokalemia. Digitalis toxicity, quinidine toxicity, as well as any 
QT-prolonging drug such as amiodarone may induce VF. It is also seen following repair of 
congenital heart disease. VF must be rapidly terminated! 
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VFB Interpretation 

Pediatric EKG analysis of a 15-year-old 


Rhythm 

Regular 

Rate 

125 bpm 

P waves 

Normal and upright 

PRI 

100 ms 

QRS 

80 ms 

QT/QTc 

300/433 ms 


This EKG was from a treadmill test. Ventricular fusion beats occur when a supraventric¬ 
ular impulse and a ventricular impulse happen at the same time. The P waves of the normal 
beat is seen sandwiched in with the wide complex of the impulse from the ventricle. The 
T wave of the wide complex beat is pointing down opposite from the normal beat’s T wave. 
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Hyperkalemia 



EKG 8.29 Hyperkalemia. 

Green & Chiaramida's 12-Lead EKG Confidence. Used with permission. 
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Hyperkalemia Interpretation 

EKG analysis 
Peaked T waves 
Probable hyperkalemia 


Rhythm 

Regular 

Rate 

125 bpm 

P waves 

Normal and upright 

PRI 

120 ms 

QRS 

100 ms 

QT/QTc 

320/461 ms 


It takes a correct balance of specific serum electrolytes to produce normal electrical 
action. Hyperkalemia is a condition of high serum potassium indicated by peaked T waves 
on the EKG. If the level of potassium continues to increase, the morphology changes to very 
wide abnormal looking heart beats. Immediate recognition is needed along with a quick 
follow-up of emergency therapy. If the morphology doesn’t change back to normal, there is 
a possibility of asystole occurring and then death. 




Hypokalemia 



EKG 8.30 Hypokalemia. 

Green & Chiaramida's 12-Lead EKG Confidence. Used with permission. 
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Hypokalemia Interpretation 

EKG analysis 

Flattened and downward T waves 
Hypokalemia 

Abnormal prolongation of QT 


Rhythm 

Irregular 

Rate 

60 bpm 

P waves 

Normal and upright 

PRI 

160 ms 

QRS 

100 ms 

QT/QTc 

580/590 ms 


Flattened T waves are seen on hypokalemia EKGs; flattened T waves make evaluation 
of the QT difficult. A patient who has hypokalemia has a diminished amount of serum 
potassium; this can cause irritability in the conduction system and the myocardium. 
Hypokalemia can be associated with PVGs, with some of them in a bigeminal pattern, 
ventricular couplets, VT, and even VF. 
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Long QT Syndrome (LQTS) 


EKG 8.31 Long QT syndrome (LQTS). 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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LQTS Interpretation 

Pediatric EKG analysis of a 15-year-old 
Normal sinus rhythm 
Prolonged QT 
Abnormal EKG 


Rhythm 

Regular 

Rate 

115 bpm 

P waves 

Normal and upright in the limb leads (not in aVL, V2-V3) 

PRI 

128 ms 

QRS 

72 ms 

QT/QTc 

380/537 ms 


LQTS may occur due to congenital or acquired pathology. The congenital form occurs 
due to defects in ion channels within the cardiac conduction system. Congenital LQTS 
includes Jervell and Lange-Nielson syndromes; these patients suffer from syncopal spells 
and deafness. It is an autosomal recessive disorder. Romano-Ward syndrome patients suf¬ 
fer from syncopal spells, but their LQTS is not associated with deafness. LQTS can be 
treatable. LQTS is one of the three most common disorders associated with sudden cardiac 
deaths. The other two are Wolff-Parkinson-White (WPW) syndrome and cardiomyopathy. 
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T Wave Inversion Interpretation 

Pediatric EKG analysis of a 14-year-old 

Normal sinus rhythm T-wave inversion in inferolateral leads 

Marked QT/T wave abnormalities 


Rhythm 

Regular 

Rate 

60 bpm 

P waves 

Normal and upright 

PRI 

146 ms 

QRS 

108 ms 

QT/QTc 

570/573 ms 


T wave inversions can be a normal finding in children. T wave inversions can also 
be associated with bundle branch block, ventricular hypertrophy, pulmonary embolism, 
hypertrophic cardiomyopathy, raised intracranial pressure, myocardial ischemia, and 
infarction. New T wave inversion (compared with previous EKGs) should be considered 
possibly abnormal. T inversion with measurements of >3.0 mm in depth and, if symmetri¬ 
cal, usually are considered pathological T inversions. This EKG shows T inversions in the 
inferolateral leads II, III, aVF (inferior limb area) and V4, V5, and V6 (lateral precordial area). 




I 



EKG 8.33 Left axis deviation (LAD). 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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LAD Interpretation 

Pediatric EKG analysis of a 9-year-old 

Sinus rhythm 

LAD 

Right bundle branch block (RBBB) 


Rhythm 

Irregular 

Rate 

70 bpm 

P waves 

Normal and upright 

PRI 

160 ms 

QRS 

122 ms 

QT/QTc 

384/405 ms 


LAD can be associated with Wolff-Parkinson-White syndrome, tricuspid atresia, and 
ostium primum ASD. LAD can be normal for patients who are obese, have abdominal 
tumors, or are pregnant. A quick way of identifying LAD is when the R wave in lead I has 
a positive deflection and the R wave of aVF has a negative deflection. (See the discussion 
of axis in Chapter 4.) 
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RAD Interpretation 

Pediatric EKG analysis of a 13-month-old 
Normal sinus rhythm with first-degree AV block 
Right atrial enlargement (RAE) 

RAD 

Complete RBBB 


Rhythm 

Regular 

Rate 

80 bpm (EKG counted the tall P waves as R waves; not 156 bpm) 

P waves 

Tall at 5.0 mm 

PRI 

280 ms 

QRS 

110 ms 

QT/QTc 

320/367 ms 


RAD can be associated with Wolff-Parkinson-White syndrome, ASD, ventricular septal 
defect (VSD) and RVH. A quick way to identify RAD is to look at lead I and lead aVF. When 
lead I has a negative deflection of the R wave and aVF has a positive deflection, this is 
RAD. This EKG also has a first-degree AV block, RAE with amplitude of the P waves at 
5.0 mm, and a complete RBBB. First-degree AV block is PRI of 0.20 sec or longer depending 
on age. It can be less for some ages (Table 7.1). 
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Left Ventricular Hypertrophy (LVH) 



EKG 8.35 Left ventricular hypertrophy (LVH). 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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LVH Interpretation 

Pediatric EKG analysis of a 3-month-old 
Normal sinus rhythm 
Indeterminate axis 
Possible LVH 


Rhythm 

Regular 

Rate 

150 bpm 

P waves 

Normal and upright 

PRI 

100 ms 

QRS 

88 ms 

QT/QTc 

280/442 ms 


Changes specific to LVH include LAD and presence of increased (tall R) QRS voltages 
in the left precordial leads V4 to V6 and leads I and aVL. This EKG has an indeterminate 
axis and has tall R waves in leads aVL and V4 to V6 (not as much in lead I). LVH may occur 
with aortic stenosis, aortic regurgitation, coarctation, large VSD, moderately large PDA, 
hypertrophic cardiomyopathy, systemic hypertension, and heart attack (very rarely occurs 
in the pediatric population). 
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Right Ventricular Hypertrophy (RVH) 
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RVH Interpretation 

Pediatric EKG analysis of a 2-year-old 

Sinus rhythm 

RVH 


Rhythm 

Irregular 

Rate 

60 bpm 

P waves 

Normal and upright 

PRI 

120 ms 

QRS 

104 ms 

QT/QTc 

358/369 ms 


Look for the tall R waves that are significant for RVH in leads V4R and VI. Note that 
the whole EKG is at half standard. It is important to know that RVH is a normal finding in 
the first 3 to 4 days of an infant’s life. RVH may occur with congenital heart diseases such 
as tetrology of Fallot, transposition of the great arteries, total anomalous pulmonary venous 
return, pulmonary stenosis and atresia, tricuspid regurgitation, pulmonary hypertension, 
and atrial septal defect. 





EKG 8.37 Right ventricular hypertrophy (RVH) and intraventricular conduction delay (IVCD) 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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RVH and IVCD Interpretation 

Pediatric EKG analysis of a 12-year-old 

Normal sinus rhythm 

RVH 

Marked IVCD 
LAD 

Sinus bradycardia 


Rhythm 

Irregular 

Rate 

40 bpm 

P waves 

Normal and upright 

PRI 

172 ms 

QRS 

192 ms 

QT/QTc 

520/411 


IVCD is defined as a QRS duration that is >100 ms. In this EKG, the QRS duration is 
192 ms. Look for tall R waves on RVH leads V4R and VI. Some of the life-threatening causes 
of QRS widening as seen in IVCD are from hyperkalemia and sodium channel-blocking 
drugs. 





EKG 8.38 Biventricular hypertrophy. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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BVH Interpretation 

Pediatric EKG analysis of a 6-month-old 
Normal sinus rhythm 
Northwest axis (Chapter 4) 

Biventricular hypertrophy 


Rhythm 

Regular 

Rate 

121 bpm 

P waves 

Normal and upright 

PRI 

124 ms 

QRS 

64 ms 

QT/QTc 

282/400 ms 


RVH usually has increased R voltages in the right leads V4R and VI. LVH has tall 
R waves in leads I, aVL, and V4 to V6. This EKG has tall R waves in V4R, VI, V4, and V5, 
but not as much in leads I, aVL, or V6. Note that the precordial leads are at half standard. 




EKG 8.39 Left atrial enlargement (LAE). 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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Left Atrial Enlargement (LAE) 
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LAE Interpretation 

Pediatric EKG analysis of a 17-year-old 

Normal sinus rhythm 

LAE 

Left bundle branch block (LBBB) 


Rhythm 

Regular 

Rate 

65 bpm 

P waves 

Wide at 120 ms (Chapter 4) 

PRI 

156 ms 

QRS 

106 ms 

QT/QTc 

426/443 ms 


LAE is represented on EKG by wider than normal P waves duration seen best in lead II. 
The normal P waves duration is <0.12 sec or <120 ms. LAE is caused by pressure or volume 
overload of the left atrium. It can precede atrial fibrillation. Enlargement maybe seen with 
a shunt such as VSD or a PDA or with mitral regurgitation. 
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Right Atrial Enlargement (RAE) 



EKG 8.40 Right atrial enlargement (RAE). 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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RAE Interpretation 

Pediatric EKG analysis of a 18-year-old 

Normal sinus rhythm 

LAD 

RBBB 

RAE 

Abnormal EKG 


Rhythm 

Regular 

Rate 

74 bpm 

P waves 

Tall P waves; 3.0 mm (Chapter 4) 

PRI 

166 ms 

QRS 

158 ms 

QT/QTc 

440/489 ms 


RAE is seen as the tall amplitude of the P waves. They are best seen in lead II. The 
measurement for normal P waves amplitude is <2.5 mm in limb leads, <1.5 mm in chest 
leads, and <3.0 mm for patients <6 months of age. 
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Biatrial Enlargement (BAE) 



EKG 8.41 Biatrial enlargement. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 





























172 Section IV EKGs and Interpretations 


BAE Interpretation 

Pediatric EKG analysis of a 13-year-old 

Normal sinus rhythm 

Biatrial enlargement 

RVH with strain 

LVH with strain 


Rhythm 

Regular 

Rate 

100 bpm 

P waves 

120 ms duration (left atrial enlargement [LAE]); 4.5 mm amplitude (RAE) 

PRI 

140 ms 

QRS 

64 ms 

QT/QTc 

318/410 ms 


Biatrial enlargement or hypertrophy of the atria is characterized in the EKG by P waves 
that meet both the requirements for RAE and LAE or hypertrophy. LAE is the abnormal 
duration or width of the P waves and is measured in milliseconds (ms). LAE would be 
120 ms or wider. RAE is the abnormal amplitude or height of the P waves and is measured 
in millimeters. It would be 2.5 mm or taller in the limb leads and 1.5 mm or taller in the pre¬ 
cordial (chest) leads. Babies younger than 6 months would be 3.0 mm or taller. Note the ST 
depression in inferolateral leads. 
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Wolff-Parkinson-White (WPW) Syndrome 



EKG 8.42 Wolff-Parkinson-White (WPW) syndrome. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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WPW Syndrome Interpretation 

Pediatric EKG analysis of a 12-year-old 
Normal sinus rhythm 

Short PR and pre-excitation consistent with WPW 


Rhythm 

Regular 

Rate 

77 bpm 

P waves 

Normal and upright 

PRI 

84 ms 

QRS 

144 ms 

QT/QTc 

402/455 ms 


WPW is a pre-excitation syndrome that is easily recognized by the delta wave. This 
wave is seen in leads I, aVL, as well as, all the precordial (chest) leads. An alternate path¬ 
way between the atrium and the ventricle is where the impulses travel. This creates a 
shortened PRI, delta wave and prolonged QRS. The lack of delay at the AV node can pos¬ 
sibly develop into harmful arrhythmias such as SVT, atrial fibrillation, and could lead to 
VT or even VR WPW is one of the three most common disorders associated with sudden 
cardiac death. 
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Lown-Ganong-Levine (LGL) Syndrome 
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LGL Syndrome Interpretation 

Pediatric EKG analysis of a 7-year-old 

Short PR but no delta wave; cannot exclude LGL syndrome 


Rhythm 

Slightly irregular 

Rate 

60 bpm 

P waves 

Normal and upright 

PRI 

106 ms 

QRS 

70 ms 

QT/QTc 

400/416 ms 


LGL is characterized by short PR and a normal QRS duration. This syndrome uses the 
James fibers as the bypass route to the ventricles. The James fibers bypass also has a nec¬ 
essary circuit for reentry tachycardia. Patients who experience LGL syndrome can end up 
with SVT. 
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Left Bundle Branch Block (LBBB) 
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LBBB Interpretation 

Pediatric EKG analysis of a 11 -year-old 
LBBB 

Abnormal EKG 


Rhythm 

Irregular 

Rate 

70 bpm 

P waves 

Normal and upright 

PRI 

160 ms 

QRS 

140 ms 

QT/QTc 

396/415 ms 


The terminal slurring of the QRS may be seen in LBBB. In this case, the QRS will be 
positive in the left precordium (V5 and V6—note the chest leads in the EKG are half stan¬ 
dard). It is rare for children to have LBBB, but it may be seen after surgery for congenital 
heart disease or myocarditis. 
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RBBB Interpretation 

Pediatric EKG analysis of a 19-year-old 

Normal sinus rhythm 

RBBB 


Rhythm 

Regular 

Rate 

64 bpm 

P waves 

Normal and upright 

PRI 

160 ms 

QRS 

128 ms 

QT/QTc 

400/412 ms 


RBBB is characterized in the EKG as a prolonged QRS secondary to terminal slurring 
due to a block in the conduction through the right bundle. The QRS for RBBB will be 
positive in the right precordium (V4R, VI, and V2). RBBB is one of the most common con¬ 
duction disturbances seen in pediatrics. It is the result of electrical conduction occurring 
through the ventricular myocardium instead of the faster Purkinjie fibers to the right ventri¬ 
cle. It can be seen in patients with Ebstein's anomaly and after repair of VSD and tetralogy 
of Fallot (TOF). 
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Dextrocardia 


EKG 8.46 Dextrocardia. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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Dextrocardia Interpretation 

Pediatric EKG analysis of a 16-year-old 
Normal sinus with a first-degree AV block 
Rightward forces 
Consistent with dextrocardia 


Rhythm 

Regular 

Rate 

71 bpm 

P waves 

Inverted in I, AVL, V4-V6 

PRI 

234 ms 

QRS 

94 ms 

QT/QTc 

382/415 ms 


This EKG most likely represents the mirror image (sitis inversus) dextrocardia. The 
anatomical right atrium and the right ventricle are located on the left side. There are 
various distinct dextrocardia types. The physician might also want a dextrocardia EKG. 
The dextrocardia diagram (see explanation in Chapter 3). 




EKG 8.47 Deep Q waves. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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Deep Q Waves Interpretation 

Pediatric EKG analysis of a 3-year-old 

Normal sinus rhythm 

Deep Q waves in II, III, and aVF 


Rhythm 

Regular 

Rate 

96 bpm 

P waves 

Normal and upright 

PRI 

120 ms 

QRS 

68 ms 

QT/QTc 

300/379 ms 


Significant depth of Q waves usually denotes a necrosis of an area of the heart. In this 
EKG, the three leads affected represent the inferior area of the heart leads II, III, and aVF. 
Other causes of deep Q waves', acute pulmonary embolism (VI, III, aVF); intraventricu¬ 
lar conduction problems; infiltrative myocardial disease; ventricular hypertrophy (may be 
prominent in hypertrophic cardiomyopathy); or a normal variant. 
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Heart Transplant 



EKG 8.48 Heart transplant. 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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Heart Transplant Interpretation 

Pediatric EKG analysis of a 16-year-old 

Two P waves morphologies consistent with status post heart transplant 
Sinus arrhythmia versus sinus exit block of donor heart 


Rhythm 

Irregular 

Rate 

70 bpm 

P waves 

Recipient’s P waves and donor’s P waves 

PRI 

164 ms 

QRS 

106 ms 

QT/QTc 

360/464 ms 


Often the donor patient’s P waves conduct and the recipient’s P waves do not conduct. 
Both sinus nodes remain in the patient. The recipient’s "P” waves don’t conduct because 
of the scarring created from the transplant surgery. 



Chapter 8 Normal to Advanced EKGs and Interpretations 187 


Junctional Rhythm (JR), LAD, and RBBB 



EKG 8.49 Junctional rhythm, left axis deviation (LAD), and right bundle branch block (RBBB). 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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JR, LAD, and RBBB Interpretation 

EKG analysis of a 15-year-old 

Junctional rhythm 

LAD 

RBBB 


Rhythm 

Regular 

Rate 

48 bpm 

P waves 

Not visible 

PRI 

Unable to determine 

QRS 

150 ms 

QT/QTc 

496/443 ms 


There are no visible P waves in this EKG (junctional rhythm at 48 bpm). LAD is seen 
with an upright R wave in lead I and a downward deflection in lead aVF. The RBBB is 
noticed in all leads with prolonged QRS duration secondary to the terminal slurring due to a 
block in the conduction through the right bundle. Junctional rhythm without the presence 
of a bundle branch block has a narrow QRS. A bundle branch block also makes use of QT 
problematic. The precordial (chest) leads are at half standard. 
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Sinus Tachycardia (ST), LAD, and Possible RBBB 


EKG 8.50 Sinus tachycardia, left axis deviation (LAD), and possible right bundle branch block (RBBB). 

Rhythm strip provided by Riley Hospital for Children. Used with permission. 
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ST, LAD, and Possible RBBB Interpretation 

EKG analysis of a 15-year-old 

Sinus tachycardia 

LAD 

Possible RBBB 


Rhythm 

Regular 

Rate 

120 bmp 

P waves 

Some appear to be inverted; others normal and upright 

PRI 

128 ms 

QRS 

160 ms 

QT/QTc 

408/576 (in presence of bundle branch block always makes use of QT 
problematic) 


Sinus tachycardia is noted when the heart rate is higher than normal for age. The 
R wave in lead I is upright and the R wave in aVF is downward; this denotes LAD. The 
wide QRS seen throughout the EKG could represent a RBBB origin. 
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EKG provided by Riley Hospital for Children. Used with permission. 
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NOTE: All EKGs are at 25 mm/sec speed. The pediatric EKG hookup was used for all. Ages are in years unless noted otherwise. 

TEST 1 Diagnosis:_ Rhythm:_ Rate:_ P waves:_ PRI:_ QRS:_ 

QT/QTc:_ 

Age: 18 





TEST 2 


Diagnosis: 

QT/QTc: 
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Rate:_ P waves:_ PRI: 


QRS: 
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Chapter 9 Review Worksheets and Questions 197 


TEST4 Diagnosis: 

QT/QTc: _ 


Rhythm:_ Rate:_ P waves:_ PRI:_ QRS: 


Age: 11 



EKG provided by Riley Hospital for Children. Used with permission. 
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TEST 5 

Diacmosis: Rhvthm: 

Rate: 

_ P waves 


QT/QTc: 



Age: 12 





EKG provided by Riley Hospital for Children. Used with permission. 
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Rhythm 


Diagnosis 
QT/QTc: _ 


P waves 


EKG provided by Riley Hospital for Children. Used with permission. 
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TEST 8 


Diagnosis: 
QT/QTc: _ 


Age: 3 weeks 



EKG provided by Riley Hospital for Children. Used with permission. 
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Rate: 


P waves: 


PRI: 


QRS: 
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Rhythm 


Diagnosis 
QT/QTc: _ 


P waves 


EKG provided by Riley Hospital for Children. Used with permission. 
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TEST 10 


Diagnosis: 
QT/QTc: _ 


Rhythm:. 


Rate:. 


P waves:. 


PRI: 


Age: 17 
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EKG provided by Riley Hospital for Children. Used with permission. 


QRS: 
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TEST 12 


Diagnosis: 

QT/QTc: 


Rhythm:_ Rate:. 


P waves:. 


II B1 3I8 118BB1BBI 1 BI 1 M1B1B11 
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EKG provided by Riley Hospital for Children. Used with permission 
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V—AJ 






TEST 13 Diacmosis: Rhvthm: Rate: P waves: 

QT/QTc: 

PRI: QRS: 


EKG provided by Riley Hospital for Children. Used with permission. 
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TEST 15 


Diagnosis:_ Rhythm:_ Rate: 

QT/QTc:_ 


P waves: 
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TEST 16 

Diagnosis: 

Rhythm: 

Rate: 

P waves: PRI: QRS: 

Age: 14 

QT/QTc: 






EKG provided by Riley Hospital for Children. Used with permission. 
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TEST 17 Diagnosis: 

QT/QTc: _ 


Rhythm: 


Age: 11 



Rate: 


P waves: 
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TEST 18 


Diagnosis:_ Rhythm:_ Rate:_ P waves:_ PRI:_ QRS: 

QT/QTc:_ 
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TEST 19 


Diagnosis: 

QT/QTc: 


Rhythm: _ 


Rate: _ 


P waves 


EKG provided by Riley Hospital for Children. Used with permission. 























TEST 22 


Diagnosis: 
QT/QTc: _ 


Rhythm: 


Age: 12 
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Rate: 


P waves: 


PRI: 


QRS: 
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Rhythm: 


Diagnosis 
QT/QTc: _ 


P waves: 


' * V4 








EKG provided by Riley Hospital for Children. Used with permission. 
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; 

::::::::::: 
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Rhythm: 


Diagnosis 
QT/QTc: _ 


P waves: 


EKG provided by Riley Hospital for Children. Used with permission. 
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TEST27 


Diagnosis: 

QT/QTc: 


Rhythn 



EKG provided by Riley Hospital for Children. Used with permission. 



P waves: 
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TEST28 

Diagnosis: 

Rhythm: 

_ Rate:_ 

P waves: PRI: QRS: 

Age: 16 

QT/QTc: 
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P waves: 


PRI: 


QRS: 
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TEST 31 Diagnosis:_ Rhythm:_ Rate:_ P waves:_ PRI:_ QRS 

QT/QTc:_ 

Age: 17 



EKG provided by Riley Hospital for Children. Used with permission. 






EKG provided by Riley Hospital for Children. Used with permission. 
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TEST32 


Diagnosis 

QT/QTc: 


Rhythm: 


Rate: 


P waves: 


Age: 17 















































































































EKG provided by Riley Hospital for Children. Used with permission. 
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TEST34 


Diagnosis 

QT/QTc: 


Age: 19 


Rhythm:_ Rate: 


P waves: 


PRI: 
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TEST 35 Diagnosis:_ Rhy 

QT/QTc:_ 

Age: 3 weeks 



EKG provided by Riley Hospital for Children. Used with permission. 
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TEST37 


Diagnosis:_ Rhythm:_ Rate: 

QT/QTc:_ 


P waves 
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TEST38 


Diagnosis: 

QT/QTc: 


Rhythm: _ 


Rate: 


P waves: 


PRI: 


QRS: 


Age: 18 



EKG provided by Riley Hospital for Children. Used with permission. 
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TEST40 


Diagnosis:_ Rhythm:_ Rate:_ P waves:_ PRI:_ QRS: 

QT/QTc:_ 























EKG provided by Riley Hospital for Children. Used with permission. 
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TEST 41 


Diagnosis 

QT/QTc: 


Rhythm: 


Rate: 


P waves 


Age: 2 
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TEST 42 Diagnosis:_ Rhythm:_ Rate:_ P waves:_ PRI:_ QRS:_ 

QT/QTc:_ 

Age: 16 



EKG provided by Riley Hospital for Children. Used with permission. 
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TEST 43 Diagnosis:_ Rhythm:_ Rate:_ P waves:_ PR! 

QT/QTc:_ 

Age: 9 Months 



EKG provided by Riley Hospital for Children. Used with permission. 
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Rhythm: 


Diagnosis 
QT/QTc: _ 


P waves: 


Age: 1 week 


EKG provided by Riley Hospital for Children. Used with permission. 
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TEST45 

Diaanosis: Rhvthm: 

Rate: 

_ P waves: 

Age: 6 months 

QT/QTc: 





EKG provided by Riley Hospital for Children. Used with permission. 





TEST46 


Diagnosis: 
QT/QTc: _ 





EKG provided by Riley Hospital for Children. Used with permission. 
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Rate: 


P waves: 


PRI: 


QRS: 
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TEST47 


Age: 4 


Diagnosis: 
QT/QTc: _ 


Rhythm:_ Rate:_ P waves:_ PRI: 



QRS 








TEST48 


Diagnosis: 

QT/QTc: 
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Rhythm: 


Rate:_ P waves:_ PRI:_ QRS: 
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TEST49 

Diaanosis: Rhvthm: 

Rate: 

P waves 


QT/QTc: 




li i m 


cm 


L MWB 


Mill 



EKG provided by Riley Hospital for Children. Used with permission 
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TEST 50 


Diagnosis: 
QT/QTc: _ 


Rhythm: _ 


Rate:, 


P waves:. 


PRI: 


QRS: 


Age: 15 



EKG provided by Riley Hospital for Children. Used with permission. 
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TEST 51 

Please mark the correct placements of electrodes and identify the lead wires used for the pediatric EKG hookup. 


) 
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TEST 52 

Please mark the correct placements of the electrodes and identify the lead wires used for the dextrocardia hookup. 


J 


V 
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TEST 53 

Name the three most common disorders associated with sudden cardiac deaths. 

1 ._ 

2 ._ 

3._ 


TEST 54 

Write down the heart rates you memorized from Chapter 4. Start with the high¬ 
est heart rate listed and go to 60. 


TEST 55 

Briefly explain the other two determining heart rate methods. 


TEST 56 


Diagnosis:_ Rhythm: 

QT/QTc:_ 



EKG provided by Riley Hospital for Children. Used with permission. 
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Rate: 


P waves: 


PRI: 


QRS: 
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TEST 57 


Age: 16 


Diagnosis:_ Rhythm:_ Rate:_ P waves:_ PRI:_ QRS 

QT/QTc:_ 



EKG provided by Riley Hospital for Children. Used with permission. 
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TEST 1 
Age: 18 

Normal sinus rhythm, left atrial enlargement 
Left bundle branch block 

Rhythm: regular ; Rate: 65 bpm ; P waves: upright and wide at 120 ms ; PRI: 156 ms ; QRS: 106 ms ; QT/QTc: 426/443 ms 

TEST 2 
Age: 2 

Sinus tachycardia, otherwise normal EKG 

Rhythm: regular ; Rate: 247 bpm ; P waves: upright and normal : PRI: 88 ms ; QRS: 162 ms ; QT/QTc: 180/365 ms 

TEST 3 
Age: 4 

Normal sinus rhythm with premature atrial complexes and PAC or SVE couplets 

Rhythm: irregular ; Rate: 100 bpm ; P waves: inverted in premature atrial complexes ; normal and upright with normal beats ; PRI: 108 ms ; QRS: 74 ms ; 
QT/QTc: 360/465 ms 

TEST 4 
Age: 11 

Normal sinus rhythm with first degree AV block, otherwise normal EKG 

Rhythm: regular ; Rate: 60 bpm ; P waves: normal and upright ; PRI: 250 ms ; QRS: 78 ms ; QT/QTc: 360/360 

TEST 5 
Age: 12 

Normal sinus rhythm, short PRI and pre-excitation consistent with Wolff-Parkinson-White syndrome 
Rhythm: regular : Rate: 77 bpm ; P waves: normal and upright : PRI: 84 ms : QRS: 144 ms ; QT/QTc: 402/455 ms 

TEST 6 
Age: 3 

Normal sinus rhythm, wandering atrial pacemaker, indeterminate axis 

Rhythm: irregular : Rate: 90 bpm ; P waves: inverted for wandering atrial pacemaker ; normal and upright for sinus beats : PRI: 120 ms ; QRS: 74 ms ; 
QT/QTc: 330/399 ms 
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TEST 7 

Age: 19 months 

Normal sinus rhythm, normal EKG 

Rhythm: regular ; Rate: 118 bpm ; P waves: normal and upright ; PRI: 122 ms ; QRS: 76 ms ; QT/QTc: 300/420 ms 


TEST 8 
Age: 3 weeks 

Narrow complex tachycardia consistent with supraventricular tachycardia (pre-adenosine) 

Rhythm: regular ; Rate: 307 bpm ; P waves: not visible ; PRI: unable to determine ; QRS: 42 ms ; QT/QTc: 120/226 ms 


TEST 9 
Age: 17 

Sinus rhythm with second degree AV block (Mobitz I) 

Rhythm: irregular ; Rate: 60 bpm ; P waves: normal and upright ; PRI: varies ; QRS: 92 ms ; QT/QTc: 398/390 ms 


TEST 10 
Age: 17 

Atrial flutter with 4:1 and 6:1 AV conduction, abnormal EKG 

Rhythm: irregular (R waves) ; Rate: atrial flutter is 300 bpm and the ventricular rate is 60 bpm ; P waves: flutter/P waves ; PRI: unable to determine ; 
QRS: 100 ms ; QT/QTc: unable to determine 


TEST 11 
Age: 13 

Normal sinus rhythm, biatrial enlargement, right ventricular hypertrophy with strain, left ventricular hypertrophy with strain 
pattern 

Rhythm: regular ; Rate: 100 bpm ; P waves: wide (left atrial enlargement [LAEl 120 ms) ; tall (right atrial enlargement [RAEl 4.5 mm) ; PRI: 140 ms ; 
QRS: 64 ms ; QT/QT c: 318/410 ms ST depression in the inferolateral leads. 
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TEST 12 
Age: 9 

Sinus rhythm with frequent premature ventricular complexes (some are in a bigeminal pattern and others are in a trigeminal pattern) 
Rhythm: irregular ; Rate: 110 bpm ; P waves: normal and upright ; PRI: 136 ms ; QRS: 66 ms ; QT/QTc: 336/454 ms 

TEST 13 
Age: 6 

Normal sinus rhythm, right ventricular hypertrophy, right axis deviation 

Rhythm: regular : Rate: 91 bpm ; P waves: normal and upright : PRI: 120 ms : QRS: 106 ms : QT/QTc: 360/436 ms 

TEST 14 
Age: 17 

Accelerated junctional rhythm and sinus bradycardia, intraventricular conduction delay, mild right axis deviation, possible left atrial 
enlargement, first degree AV block 

Rhythm: regular (accelerated junctional rhythm : bradycardia rhythm) ; Rate: 94 bpm (accelerated junctional rhythm) and 56 bpm (bradycardia rhythm) : 
P waves: unable to determine (accelerated junctional rhythm) and wide at 130 ms; left atrial enlargement (bradycardia rhythm) : PRI: unable to deter¬ 
mine (accelerated junctional rhythm) and 220 ms: first degree AV block (bradycardia rhythm) : QRS: 144 ms : QT/QTc: 458/425 ms 

TEST 15 
Age: 4 

Supraventricular tachycardia 

Rhythm: regular ; Rate: 250 ; P waves: not visible ; PRI: cannot determine ; QRS: 62 ms ; QT/QTc: 176/345 ms 

TEST 16 
Age: 14 

Normal sinus rhythm, T wave inversion in inferolateral leads, marked QT/T wave abnormalities 
Rhythm: regular ; Rate: 60 bpm ; P waves: normal and upright ; PRI: 146 ms ; QRS: 108 ms ; QT/QTc: 570/573 ms 

TEST 17 
Age: 11 

Left bundle branch block (LBBB), abnormal EKG 

Rhythm: irregular ; Rate: 70 bpm ; P waves: normal and upright ; PRI: 160 ms ; QRS: 140 ms ; QT/QTc: 396/415 ms 


Chapter 10 Answers 253 


TEST 18 
Age: 5 

Sinus tachycardia, permanent form of junctional reciprocating tachycardia, otherwise normal EKG 
Rhythm: regular ; Rate: 164 bum ; P waves: Inverted in all leads ; PRI: 134 ms ; QRS: 70 ms ; QT/QTc: 260/373 ms 

TEST 19 
Age: 9 

Normal sinus rhythm, left axis deviation (LAD), right bundle branch block 

Rhythm: irregular ; Rate: 70 bpm ; P waves: normal and upright ; PRI: 160 ms ; QRS: 122 ms ; QT/QTc: 384/405 ms 

TEST 20 
Age: 1 week 

Right axis deviation (RAD), junctional tachycardia, possible right ventricular hypertrophy 

Rhythm: regular ; Rate: 150 bpm ; P waves: unable to determine ; PRI: unable to determine ; QRS: 64 ms ; QT/QTc: 254/401 ms 

TEST 21 
Age: 2 months 

Wide complex tachycardia, AV dissociation, possible ventricular fibrillation 

Rhythm: irregular ; Rate: 150 bpm ; P waves: not visible ; PRI: unable to determine ; QRS: Unable to determine ; QT/QTc: unable to determine 

TEST 22 
Age: 12 

Normal sinus rhythm, right ventricular hypertrophy, marked intraventricular conduction delay, left axis deviation (LAD), sinus 
bradycardia 

Rhythm: irregular ; Rate: 40 bpm : P waves: normal and upright ; PRI: 172 ms ; QRS: 192 ms ; QT/QTc: 520/411 ms 

TEST 23 
Age: 16 

Irregularly irregular rhythm, P waves not seen well, suggest atrial flutter fibrillation 

Some wide complexes are probably supraventricular with aberrancy, but a ventricular origin cannot be excluded. 

Rhythm: irregularly irregular : Rate: P-P 500 bpm ; R-R 200 bpm : P waves: not visible : PRI: unable to determine : QRS: 100 ms (variable) ; QT/QTc: cannot 
determine 
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TEST 24 
Age: 7 

Normal sinus rhythm, short PR but no delta wave, cannot exclude Lown-Ganong-Levine syndrome 
Rhythm: irregular ; Rate: 60 bpm ; P waves: normal and upright ; PRI: 106 ms ; QRS: 70 ms ; QT/QTc: 400/416 ms 

TEST 25 
Age: 11 

SR with frequent premature ventricular complexes and occasional couplets in bigeminy pattern 
Rhythm: irregular ; Rate: 80 bpm ; P waves: normal and upright ; PRI: 148 ms ; QRS: 74 ms ; QT/QTc: 394/462 ms 

TEST 26 
Age: 19 

Normal sinus rhythm, right bundle branch block (RBBB), abnormal EKG 

Rhythm: regular ; Rate: 64 bpm ; P waves: normal and upright ; PRI: 160 ms ; QRS: 128 ms ; QT/QTc: 400/412 ms 

TEST 27 
Age: 9 

Normal sinus rhythm with sinus arrhythmia (normal for children), normal EKG 

Rhythm: irregular ; Rate: 60 (6-sec strip) ; P waves: normal and upright ; PRI: 144 ms ; QRS: 72 ms ; QT/QTc: 400/413 ms 

TEST 28 
Age: 16 

Two P waves morphologies consistent with status post heart transplant patient, sinus arrhythmia versus sinus exit block 
of donor heart 

Rhythm: irregular ; Rate: 70; P waves: recipient's P waves and donor's P waves ; PRI: 164 ms ; QRS: 106 ms ; QT/QTc: 360/464 ms 

TEST 29 
Age: 13 months 

Normal sinus rhythm with first degree AV block, right atrial enlargement, right axis deviation, complete right bundle branch block 
Rhythm: regular : Rate: 80 bpm ; P waves: tall at 5 mm : PRI: 280 ms ; QRS: 110 ms ; QT/QTc: 320/367 ms 
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TEST 30 
Age: 14 

Junctional escape rhythm 

Rhythm: regular (slight change) ; Rate: 46 bpm : P waves: Not visible (junctional escape rhythm) normal and upright (sinus) ; PRI: 120 ms ; QRS: 65 ms 
QT/QTc: 400/396 ms 

TEST 31 
Age: 17 

Wide QRS tachycardia, abnormal EKG 

Rhythm: regular ; Rate: 258 bpm ; P waves: not visible ; PRI: cannot determine ; QRS: 100 ms ; QT/QTc: unable to determine 

TEST 32 
Age: 17 

Complete AV block, otherwise normal EKG 

Rhythm: regular ; Rate: 58 bpm ; P waves: normal and upright ; PRI: varies ; QRS: 90 ms ; QT/QTc: 394/386 ms 

TEST 33 
Age: 3 

Atrial flutter with 2:1 AV conduction 

Rhythm: regular ; Rate: 166 bpm (R-R) ; P waves: 333 bpm (flutter/P waves) ; PRI: cannot determine ; QRS: 80 ms ; QT/QTc: cannot determine 

TEST 34 
Age: 19 

Probable atrial tachycardia with 2:1 AV conduction, right axis deviation, right ventricular hypertrophy 

Rhythm: regular : Rate: 250 atrial and 80 ventricular : P waves: flutter/P waves : PRI: cannot determine : QRS: 128 ms ; QT/QTc: 380/454 ms 

TEST 35 
Age: 3 weeks 

Sinus rhythm, diffuse T wave abnormalities (most likely post shock effect), 

Consider right ventricular hypertrophy (post-adenosine) 

Rhythm: regular : Rate: 112 ms ; P waves: normal and upright : PRI: 114 ms : QRS: 60 ms : QT/QTc: 320/437 ms 
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TEST 36 
Age: 15 

Ventricular fusion beats occurred during a treadmill test 
Ventricular beats dissipated postexercise 

Rhythm: regular ; Rate: 125 bpm : P waves: normal and upright ; PRI: 100 ms ; QRS: 80 ms ; QT/QTc: 300/433 ms 

TEST 37 
Age: 9 

Sinus bradycardia 

Rhythm: irregular : Rate: 50 bpm ; P waves: normal and upright ; PRI: 138 ms ; QRS: 90 ms ; QT/QTc: 476/434 ms 

TEST 38 
Age: 18 

Normal sinus rhythm, left axis deviation (LAD), right bundle branch block (RBBB), right atrial enlargement, abnormal EKG 
Rhythm: regular ; Rate: 74 bpm ; P waves: tall at 3mm ; PRI: 166 ms ; QRS: 158 ms ; QT/QTc: 440/489 ms 

TEST 39 
Age: 3 months 

Normal sinus rhythm, indeterminate axis, possible left ventricular hypertrophy 

Rhythm: regular ; Rate: 150 bpm ; P waves: normal and upright ; PRI: 100 ms ; QRS: 88 ms ; QT/QTc: 280/442 ms 

TEST 40 
Age: 3 

Normal sinus rhythm, deep Q waves in II, III, aVF, normal EKG 

Rhythm: regular ; Rate: 96 bpm ; P waves: normal and upright ; PRI: 120 ms ; QRS: 68 ms ; QT/QTc: 300/379 ms 

TEST 41 
Age: 2 

Right ventricular hypertrophy 

Rhythm: irregular ; Rate: 60 (6-sec strip) ; P waves: normal and upright ; PRI: 120 ms ; QRS: 104 ms ; QT/QTc: 358/369 ms 
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TEST 42 
Age: 16 

Normal sinus rhythm with first degree AV block, Rightward forces, consistent with dextrocardia, abnormal EKG 
Rhythm: regular ; Rate: 71 bpm ; P waves: normal and upright ; PRI: 234 ms ; QRS: 94 ms ; QT/QTc: 382/415 ms 

TEST 43 
Age: 9 months 

Second degree AV block Mobitz II 

Rhythm: irregular ; Rate: 100 bpm ; P waves: normal and upright ; PRI: 100 ms ; QRS: 78 ms ; QT/QTc: 354/457 ms 

TEST 44 
Age: 1 week 

Junctional ectopic tachycardia, otherwise normal EKG 

Rhythm: regular : Rate: 140 bpm ; P waves: not always seen : PRI: unable to determine : QRS: 48 ms : QT/QTc: 240/366 ms 

TEST 45 
Age: 6 months 

Normal sinus rhythm, northwest axis, biventricular hypertrophy 

Rhythm: regular : Rate: 121 bpm ; P waves: normal and upright : PRI: 124 ms : QRS: 64 ms : QT/QTc: 282/400 ms 

TEST 46 
Age: 15 

Sinus tachycardia, left axis deviation, possible right bundle branch block 

Rhythm: regular ; Rate: 120 bpm ; P waves: some appear to be inverted/others upright ; PRI: 128 ms ; QRS: 160 ms ; QT/QTc: 408/576 ms (presence of 
bundle branch block always makes use of QT problematic) 

TEST 47 
Age: 4 

Sinus rhythm with frequent uniform premature ventricular complexes (PVCs) as isolated beats and runs of ventricular tachycardia 
at 160 bpm, morphology of the PVCs is normal axis left bundle branch block (LBBB). Otherwise normal EKG. When the patient was 
running in place the rhythm returned to sinus tachycardia. 

Rhythm: irregular ; Rate: 120 bpm, P waves: normal and upright ; PRI: 114ms ; QRS: 74 ms ; QT/QTc: cannot determine (there are not two consecutive 
normal beats) 
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TEST 48 
Age: 15 

Normal sinus rhythm, prolonged QT, abnormal EKG 

Rhythm: regular : Rate: 120 bpm ; P waves: normal and upright in limb leads except aVL and Inverted in V2-V3 : PRI: 128 ms : QRS: 72 ms : QT/QTc: 
380/537 ms 

TEST 49 
Age: 5 

Sinus tachycardia, right atrial enlargement, depression in leads II, III, aVF, V5-V6, right ventricular hypertrophy 
Rhythm: regular : Rate: 136 bpm : P waves: tall 3.0 mm : PRI: 172 ms : QRS: 88 ms : QT/QTc: 270/406 ms 

TEST 50 
Age: 15 

Junctional rhythm, left axis deviation (LAD), right bundle branch block (RBBB) 

Rhythm: regular : Rate: 48 bpm : P waves: not visible : PRI: unable to determine : QRS: 150 ms : QT/QTc: 496/443 ms. This is an example of what 
happens to the width of QRS of a junctional rhythm in presence of a RBBB. In your experience with children you will likely see far more RBBBs than left 
bundle branch blocks (LBBB). 

TEST 51 

See Chapter 3 to compare your positioning of the electrodes and identification of the patient wires used for the pediatric hookup. 
TEST 52 

See Chapter 3 to compare your positioning of the electrodes and identification of the patient wires for the dextrocardia hookup. 
TEST 53 

The three most common disorders associated with sudden cardiac deaths are long QT syndrome, Wolff-Parkinson-White syndrome, 
and cardiomyopathy. 

TEST 54 

Memorized heart rates: 300. 150,100, 75. 60 
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TEST 55 

Two other methods to measure heart rate: 

1,500 Method. Using vour calculator, enter 1.500 and divide this by the number of the smallest squares (there are five small 0.04-sec squares between 
the heavy vertical lines). Examples : 1.500 ± 20 = 75 bpm : 1,500 ± 10 = 150 bpm. 

6-Second Rhythm Strip Method: Count the number of R waves in 6 seconds. 

Place a zero at the end or multiply the counted number by 10. 

TEST 56 
Age: 10 

Sinus rhythm for the first seven beats, the rest of the rhythm strip has short PRI with a wider QRS consistent with Wolff-Parkinson- 
White syndrome. 

Rhythm: slightly irregular (sinus) ; slightly irregular (Wolff-Parkinson-White) ; Rate: 100 beats (sinus) ; 110 bpm (Wolff-Parkinson-White) ; P waves: 
normal and upright (sinus) normal and upright (Wolff-Parkinson-White) ; PRI: 120 ms (sinus) 80 ms (Wolff-Parkinson-White) ; QRS: 80 ms (sinus) 120 ms 
(Wolff-Parkinson-White) ; QT/QTc: 320/431 ms 

TEST 57 
Age: 16 

Normal sinus rhythm, normal EKG 

Rhythm: regular : Rate: 67 bpm : P waves: normal and upright : PRI: 140 ms : QRS: 96 ms : QT/QTc: 380/401 ms 

The end! No, this is just the beginning of your adventures in learning more about pediatric arrhythmias and EKGs. The successful way to learn is to 
always ask yourself, “Why?” Why is the PRI short and the QRS wide for Wolff-Parkinson-White syndrome? Or, why is the PRI (if the P waves are in 
front of the QRS) short and the QRS narrow in junctional beats? Why are some P waves inverted while others are not? This approach will deepen your 
understanding of this subject, making what you learn so much clearer and more interesting. I continue to find the study of pediatric arrhythmias and 
EKGs a never-ending source of interest. 



Acronym List 


AF 

atrial fibrillation 

AFL 

atrial flutter 

AJR 

accelerated junctional rhythm 

ASD 

atrial septal defect 

AV 

atrioventricular 

AVB 

atrioventricular block 

AV node 

atrioventricular node 

aVF 

augmented voltage foot (left) 

aVR 

augmented voltage right (arm) 

aVL 

augmented voltage left (arm) 

BAE 

biatrial enlargement 

BVH 

biventricular hypertrophy 

CHB 

complete heart block 

IVCD 

intraventricular conduction delay 

JER 

junctional escape rhythm 

JET 

junctional ectopic tachycardia 

JR 

junctional rhythm 

JT 

junctional tachycardia 

LAD 

left axis deviation 

LAE 

left atrial enlargement 
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LBBB 

left bundle branch block 

LGL syndrome 

Lown-Ganong-Levine syndrome 

LOTS 

long QT syndrome 

LTGA 

L-transposition of great arteries 

LVH 

left ventricular hypertrophy 

MI 

myocardial infarction 

mm 

millimeter 

ms 

millisecond 

MVR 

mitral valve regurgitation, replacement, or repair 

NSR 

normal sinus rhythm 

PAC 

premature atrial complex or contraction 

PJC 

premature junctional contraction 

PJRT 

permanent form of junctional reciprocating tachycardia 

PRI 

PR interval 

PVC 

premature ventricular complex or contraction 

PVT 

polymorphous ventricular tachycardia 

RAD 

right axis deviation 

RAE 

right atrial enlargement 

RBBB 

right bundle branch block 

RV 

right ventricular 

RVH 

right ventricular hypertrophy 

SA 

sinoatrial 

SA 

sinus arrhythmia 

SA node 

sinoatrial node 

SB 

sinus bradycardia 

ST 

sinus tachycardia 

SVE beats 

supraventricular ectopic beats 

SVT 

supraventricular tachycardia 

TdP 

Torsade de Pointes 

TOF 

tetralogy of Fallot 

VF 

ventricular fibrillation 

VFB 

ventricular fusion beat 

VFL 

ventricular flutter 

VSD 

ventricular septal defect 

VT 

ventricular tachycardia 

WAP 

wandering atrial pacemaker 

WPW 

Wolff-Parkinson-White syndrome 
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1500 method, 23 

accelerated junctional rhythm (AJR), 65 
preceding sinus bradycardia, 111-112 
adenosine, 57, 58, 105-108, 116 
amiodarone, 116 

atrial fibrillation (AF), 36, 123-124 
atrial flutter (AFL), 35, 59, 123-124 
with 4:1 and 6:1 conduction, 121-122 
with 2:1 AV conduction, 119-120 
atrial tachycardia with 2:1 conduction, 
125-126 
axis of heart, 25 
axis quadrants, 26 

bactrim, 38 

biatrial enlargement, 171-172 
biventricular hypertrophy, 165-166 

computerized digital EKG machine, 3 
correct labeling, of pediatric EKGs, 15 


deep Q waves, 183-184 
dextrocardia, 17-18, 181-182 
hookup and explanation, 18 
digoxin, 42, 43, 44, 116 

erythromycin, 38 
electrical pathways, 19 
electrocardiographic paper grid 
dimensions, 23 

first-degree atrioventricular block, 41, 73, 
127-128 

flecainide, 38, 116 
fluconazole, 38 

fundamentals, pediatric rhythms 
and EKGs, 19 
axis of heart, 25 
axis quadrants, 26 
dysrhythmia heart rates, 27 
electrical pathways, 19 
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fundamentals, pediatric rhythms 
and EKGs ( cont .) 
electrocardiographic paper grid 
dimensions, 23 

heartbeat components and explanations, 21 
pediatric heart rates, 22 
polarity of each limb lead, 27 
premature ventricular complexes frequency 
events chart, 28 

tools for heartbeat measurement, 24 
heart 

anatomy of, 20 
transplant, 185-186 
heartbeat 

components and explanations, 21 
tools for heartbeat measurement, 24 
heart rate 

determining, 22-23 
of dysrhythmias, 27 
normal pediatric heart rates, 22 
hyperkalemia, 147-148 
hypocalcemia, 38 
hypokalemia, 38, 149-150 
hypomagnesium, 38 

impramine, 38 

intraventricular conduction delay (IVCD), 
163-164 
ion channels, 88 

junctional ectopic tachycardia (JET), 115-116 
junctional escape rhythm (JER), 64, 109-110 
junctional rhythm (JR), 37, 61, 63, 187-188 
junctional tachycardia (JT), 66, 113-114 

ketoconazole, 38 

left atrial enlargement (LAE), 167-168 
left axis deviation (LAD), 155-156, 187-190 


left bundle branch block (LBBB), 177-178 
left ventricular hypertrophy (LVH), 45, 159-160 
long QT syndrome (LOTS), 38, 77, 151-152 
sudden death from inherited, 88 
Lown-Ganong-Levine (LGL) syndrome, 
175-176 

multiform ventricular couplet, 68 

normal sinus rhythm, 50, 91-92 

operation, of EKG machine, 4 

pediatric standards, normal values, 83-86 
permanent form of junctional reciprocating 
tachycardia (PJRT), 117-118 
polarity of limb lead, 27 
possible ventricular fibrillation, 143-144 
post-adenosine, 58, 107-108 
premature atrial complexes 
(PACs), 101-102 

premature junctional contraction 
(PJC), 62 

premature ventricular complexes, 

67, 135-136 

frequency events chart, 28 
as ventricular couplets, 137-138 
PR interval, 16 
procainamide, 38 
propafenone, 116 
P waves, 16 

quiniadine, 38 
QRS complex, 16 
QT interval, 16 
quality tracings, 7 
artifacts, 8-9 
distractions, 7 
limitations, 8 
residue, 10 


rate, 16 
rhythm, 16 

rhythm strips, 17, 31-79 
right atrial enlargement (RAE), 169-170 
right axis deviation (RAD), 157-158 
right bundle branch block (RBBB), 179-180, 
187-190 

right ventricular hypertrophy (RVH), 46, 161-162 

second-degree atrioventricular block 
Mobitz I, 42^3, 74, 129-130 
Mobitz II, 43-44, 75, 131-132 
Wenckebach Mobitz I, 74 
settings, EKG machine, 5 
sinus arrhythmia, 51, 93-94 
sinus bradycardia (SB), 31-32, 52, 95-96 
accelerated junctional rhythm preceding, 
111-112 

sinus tachycardia (ST), 33, 53, 97-98, 189-190 
six-second rhythm strip method, 23 
sotalol, 38 

sudden death from inherited long QT 
syndrome, 88 

supraventricular ectopic (SVE) beat, 55 
supraventricular tachycardia (SVT), 34, 56, 
103-104 


post-adenosine, 58, 107-108 
pre-adenosine, 57, 105-106 
systematic checklist, for pediatric EKG, 16 

technique, for pediatric rhythms and EKGs, 13 
correct labeling, 15 
dextrocardia, 17-18 
hookup diagram, 13 
hookup instructions, 14 
rhythm strip use and lengths, 17 
standardizations, 14 
systematic checklist, 16 
third-degree atrioventricular heart block, 44, 76, 
133-134 

torsades de pointes (TdP), 70 
T wave inversion, 153-154 

ventricular fibrillation (VF), 40, 71 
ventricular flutter, 71 
ventricular fusion beat, 72, 145-146 
ventricular tachycardia (VT), 39, 69, 139-140 

wandering atrial pacemaker (WAP), 54, 99-100 
wide QRS tachycardia, 141-142 
Wolff-Parkinson-White (WPW) syndrome, 

47, 60, 173-174 


